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SYLLABUS 


A study  of  the  Wabash  River  Basin  to  formulate  a comprehensive 
plan  of  development  for  its  water  and  related  land  resources  that 
is  consistent  with  present  and  projected  future  needs  is  under  way 
with  completion  several  years  in  the  future.  Studies  have  now 
progressed  to  the  point,  however,  where  the  three  reservoir  projects 
recommended  in  this  Interim  Report  have  been  identified  as  desirable 
elements  of  the  comprehensive  plan,  and  the  present  report  has  been 
prepared  as  a vehicle  for  their  possible  authorization  for  construc- 
tion so  that  development  of  the  Wabash  River  Basin  will  not  be  un- 
necessarily delayed. 

This  Interim  Report  proposes  the  development  of  Lincoln  Reservoir 
on  the  Embarrass  River  in  Illinois,  Clifty  Creek  Reservoir  on  Clifty 
Creek  in  Indiana,  and  Patoka  Reservoir  on  Patolca  River  in  Indiana. 

Each  of  these  reservoirs  would  be  iriultiple-purpose  in  concept  and 
other  interested  Federal  agencies,  as  well  as  State  agencies,  have 
participated  in  their  planning.  All  of  the  reservoirs  would  afford 
urgently  needed  flood  control,  provide  opportunities  for  satisfaction 
of  growing  demands  for  water-associated  recreation,  and  provide  perma- 
nent pools  which  would  enhance  the  existing  sports  fishery.  In  addi- 
tion, Lincoln  and  Patoka  Reservoirs  would  provide  needed  storage  for 
water  supply  and  improvement  of  downstream  water  quality.  Each  proj- 
ect is  well  justified,  with  annual  benefits  exceeding  annual  costs  by 
ratios  ranging  from  1.6:1  to  2.2:1,  and  each  individual  project  pur- 
pose is  likewise  justified.  Local  governments  and  public  agencies  in 
the  states  and  areas  affected  preponderantly  favor  construction  of  the 
projects,  except  that  individuals  and  interests  whose  properties  are 
involved  in  land  acquisition  or  damage  considerations  generally  oppose 
the  projects. 

The  District  Engineer  recommends  construction  of  the  three  proj- 
ects considered  in  this  report  at  a total  cost  of  $72,900, COO  with  the 
qualifications  that,  prior  to  construction,  local  interests  agree  to 
pay  costs  allocated  to  water  supply  in  accordance  with  the  Water  Supply 
Act  of  1958  as  amended,  and  that  local  interests  provide  assurances 
that  encroachments  on  downstream  channels  that  would  impair  their  dis- 
charge capacity  and  the  flood  control  effectiveness  of  the  reservoirs 
would  not  be  permitted. 
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U.  S.  ARMY  ENGINEER  DISTRICT,  LOUISVILLE 
CORPS  CF  ENGINEERS 
830  West  Broadway 
Louisville,  Kentucky  40201 


CRLED-B  2 January  1964 

SUBJECT:  Interim  Report  No.  2 - Wabash  River  Basin  Comprehensive  Study; 

Indiana,  Illinois  and  Ohio;  covering  reservoir  sites  on 
Embarrass  River,  Illinois,  and  Clifty  Creek  and  Patoka  River, 
Indiana 


THRU:  Division  Engineer 

U.  S.  Army  Engineer  Division,  Ohio  River 
ATTN:  ORDED-B 

Cincinnati,  Ohio 


TO:  Chief  of  Engineers 

ATTN:  ENGCV/-FD 

Department  of  the  Army 
Washington,  D.  C. 


SECTION  I - GENERAL 

1.  PURPOSE. 

The  purpose  of  this  interim  report  is  to  present  comprehensive  plans 
of  development  for  reservoir  sites  on  the  Embarrass  River,  Clifty  Creek 
and  Patoka  River  for  one  or  more  of  the  following  needs:  flood  control, 

water  supply,  water  quality  control  and  low  flow  augmentation,  water 
recreation  and  general  conservation  of  water  and  related  resources.  This 
interim  report,  which  is  a part  of  the  continuing  Wabash  River  Basin 
Comprehensive  Study,  is  submitted  at  this  time  to  permit  early  con- 
sideration of  the  needs  of  the  Wabash  Basin  areas  which  would  be  served 
by  these  reservoirs  and  of  the  feasibility  of  these  reservoirs.  _The 
projects  presented  in  this  interim  report  are  compatible  with  compre- 
hensive development  of  the  water  and  related  land  resources  of  the 
Wabash  River  Basin  currently  being  developed. and  will  permit  an  earlier 
start  on  the  more  urgently  needed  improvementfPto  be  recommended  therein 
than  would  be  the  case  if  action  was  deferred  until  the  comprehensive 
study  was  completed. 
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2.  AUTHORITY. 


There  are  28  separate  Congressional  Resolutions  which  form  the 
authority  for  the  Wabash  River  Basin  Comprehensive  Study.  This  in- 
terim report  covering  reservoir  sites  in  the  Wabash  River  and  White 
River  Basins  is  submitted  in  partial  response  to  the  following  two 
resolutions: 

"RESOLVED  BY  THE  COMMITTEE  ON  PUBLIC  WORKS  OF  THE  HOUSE 
OF  REPRESENTATIVES,  UNITED  STATES,  That  the  Board  of  Engineers 
for  Rivers  and  Harbors  be,  and  is  hereby,  requested  to  review 
the  reports  on  the  Wabash  River  and  tributaries  in  Ohio, 

Illinois  and  Indiana,  published  in  House  Document  ICO,  73rd 
Congress,  First  Session,  and  other  reports  with  a view  to  de- 
termining whether  improvement  of  the  'White  Rive  in  Indiana 
in  the  interest  of  flood  control  and  allied  pui poses  is  ad- 
visable at  this  time."  (adopted:  20  April  1948) 

"RESOLVED  BY  THE  COMMITTEE  ON  FUBLIC  WORKS  OF  THE  UNITED 
STATES  SENATE,  That  \e  Board  of  Engineers  for  Rivers  and  Harbors, 
created  under  Secti_  * of  the  River  and  He  bor  A't,  approved 
June  13,  1907,  be,  and  is  hereby  requested  to  review  the 
reports  of  Chief  of  Engineers  on  the  Wabash  River  and  trib- 
utaries, Illinois  and  Indiana,  submitted  as  House  Document 
Numbered  100,  Seventy-third  Congress,  First  Session  and 
other  reports,  with  a view  to  determining  whether  any  mod- 
ifications of  the  recommendations  contained  therein  are 
advisable  at  this  time  in  the  interest  of  flood  control 
and  the  development  and  conservation  of  the  water  and  re- 
lated resources  of  the  basin."  (adopted*  6 Kay  1958) 

In  earlier  partial  response  to  the  resolution  adopted  6 May  1958, 
an  interim  report  recommending  "that  the  comprehensive  plan  for 
flood  control  and  allied  purposes  in  the  Ohio  River  Basin  be  modi- 
fied to  include  Lafayette  and  Big  Pine  Reservoirs"  was  completed 
by  the  Louisville  District  in  March  1963  and  is  currently  being  re- 
viewed by  higher  authority.  This  report  has  been  designated 
Interim  Report  No.  1 of  the  Wabash  River  Basin  Comprehensive  Study 
and  the  proposed  reservoir  locations  are  shown  on  Plate  1. 

3.  SCOPE. 

a.  Scope  of  report.  This  report  is  an  interim  report  of  full 
survey  scope,  the" same  "scope  as  the  report  under  re  tew  (H.  D.  100, 
73rd  Congress,  1st  Session).  It  is  concerned  with  .he  development 
of  effective  plans  for  comprehensive  water  resource  development  of 
reservoir  sites  on  Embarrass  River,  Clifty  Creek  and  Patoka  River, 
all  tributaries  of  the  Wabash  River. 

b.  Surveys,  investigations  and  etudies  by  U.  S.  Army  Engineer 
District,  Louisville.  Preliminary  examination  of  the  areas  cor.- 
sidered  in  this  report  has  been  made  by  the  District  Engineer.  Sur- 
veys, investigations,  studies  and  activities  have  been  os  follows: 
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(1)  Estimate  of  first  costs  and  annual  costs.  Detailed 
estimates  of  costs  of  lands  and  damages,  relocations,  dams,  recrea- 
tion facilities  and  allied  features  were  made  for  the  reservoir  sites 
considered  herein.  (Appendix  A) 

(2)  Economic  development  and  estimate  of  damages  and  benefits. 
This  study  describes  the  economic  development  of  the  basin  and  analyses 
damages  expected  to  result  from  uncontrolled  floods  and  benefits  to  be 
derived  from  flood  control  and  other  purposes  over  the  economic  life  of 
the  reservoirs  considered  herein.  (Appendix  B) 

(3)  Cost  allocation  and  apportionment.  This  study  selected 
the  reservoir  plans  contained  herein  and  allocated  the  cost  of  the 
projects  considered  to  the  various  reservoir  purposes.  (Appendix  C) 

(4)  Hydrology  and  hydraulics.  These  studies  included  the 
collection  and  formulation  of  data  necessary  to  determine  flood  profiles 
and  frequencies,  stream  flows,  reservoir  storage,  control  and  design 
values  for  the  reservoir  sites  considered  herein.  (Appendix  D) 

(5)  Geology,  soils  and  materials.  These  investigations  and 
studies  determined  the  site  geology,  foundation  conditions  and  avail- 
ability of  construction  materials  for  the  dam  and  reservoir  sites  con- 
sidered herein.  (Appendix  E) 

c.  Surveys,  investigations  and  studies  by  State  and  other  Federal 
agencies. 


(1)  Snail  watershed  projects.  A reconnaissance-type  review  of 
the  Small  Watershed  Project  potential  of  the  sub-basins  containing  the 
projects  considered  herein  was  made  by  the  United  States  Department  of 
Agriculture,  Soil  Conservation  Service.  This  review  included  appraisal 
of  irrigation  needs.  (Appendix  F,  Exhibit  F-l) 

(2)  Ground  water  appraisal.  .In  evaluation  of  the  ground  water 
supply  of  the  three  basins  covered  in  this  report  and  adjacent  area  was 
made  by  the  United  States  Department  of  the  Interior,  Geological  Survey. 
(Appendix  F,  Exhibit  F-2) 

(3)  Fish  and  wildlife.  An  analysis  of  the  effect  of  the 
reservoir  projects  considered  herein  upon  fish  and  wildlife  resources 
of  the  project  areas,  and  measures  for  enhancement  of  these  resources, 
was  made  by  the  United  States  Department  of  the  Interior,  Fish  and 
Wildlife  Service.  (Appendix  F,  Exhibit  F-3) 

(4)  Recreation.  An  evaluation  of  the  project  areas  recrea- 
tional potential  and  an  estimate  of  initial  and  ultimate  annual  attend- 
ance at  recreational  features  for  each  project  was  made  by  the  United 
States  Department  of  the  Interior,  Bureau  of  Outdoor  Recreation. 
(Appendix  F,  Exhibit  F-4) 
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(5)  Mineral  production.  An  analysis  of  the  effect  of  the 
reservoir  projects  considered  herein  upon  the  mineral  resources  of 
the  project  areas  was  made  by  the  United  States  Department  of  the 
Interior,  Bureau  of  Mines.  (Appendix  F,  Exhibit  F-5) 

(6.)  Water  supply  and  water  quality  control.  This  study 
was  made  by  the  United  States  Department  of  Health,  Education  and 
Welfare,  Public  Health  Service  to  develop  the  need  for  and  economic 
value  of,  incorporating  water  supialy  and  water  quality  control  stor- 
age into  the  plans  for  the  reservoirs  considered  herein.  (Appendix 
F,  Exhibit  F-6) 

(7)  Hydroelectric  power.  A study  of  hydroelectric  power 
potentials  of  the  reservoir  projects  considered  herein  was  made  by 
the  Federal  Power  Commission.  (Appendix  F,  Exhibit  F-7 ) 

(8)  Hoosier  National  Forest  impact  repor  . The  United 
States  Department  of  Agriculture,  Forest  Service  is  responsible  for 
preparing  a report  on  impacts  the  Patoka  Reservoir  project  will 
have  on  National  Forest  activities  in  the  area.  (Appendix  F, 

Exhibit  F-8) 

(9)  Hydrology  and  hydraulics  studies  by  state  agencies. 

The  Indiana  Flood  Control  and  Water  Resources  Commission  has  prepared 
a report  covering  the  Patoka  Reservoir  project  which  was  used  in 
formulating  the  Fat-oka  Reservoir  plan  proposed  herein.  Data  for  the 
formulation  of  the  Lincoln  Reservoir  plan  of  development  were  obtained 
from  the  1963,  State  of  Illinois  Interim  Report  for  Flood  Control  and 
Drainage  Development,  Embarrass  River. 

(10)  Geology  and  foundation  investigations.  The  Indiana 
Flood  Control  and  Water  Resources  Commission,  in  conjunction  with  the 
Indiana  Geological  Survey,  has  accomplished  geologic  and  foundation 
investigations  at  latoka  Reservoir  site  proposed  herein,  which  are 
supplementary  to  those  accomplished  by  the  Corps  of  Engineers. 

4.  FRIOR  REPORTS. 

a.  Report  under  review.  The  principal  report  under  review  is 
the  comprehensive  survey  report  on  the  Wabash  River  basin,  entitled 
"Wabash  River,  Ohio,  Indiana  and  Illinois,"  dated  22  January  1932, 
and  published  as  House  Document  100,  73rd  Congress,  1st  Session. 

It  was  the  earliest  comprehensive  report  of  survey  scope  dealing  with 
water  resources  of  the  Wabash  River  basin  and  it  considered  navigation, 
flood  control,  hydroelectric  pov/er,  irrigation  and  allied  development 
potentials.  The  findings  presented  in  that  report  ere  that  improve- 
ments of  the  Wabash  River  by  the  Federal  Government  for  the  purposes 
considered  were  not  advisable  at  that  time.  Thirteen  reservoir  sites 
were  considered  in  this  investigation,  which  included  the  Wolf  Creek 
site  on  the  Embarrass  River,  located  downstream  from  the  Lincoln  site 
considered  in  this  report. 

b.  Other  reports.  Other  reports  pertinent  to  the  areas  under 
consideration  and  reviewed  in  preparation  of  this  report  are  as 
follows : 
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Locality 

House  document 
number  and  date 
submitted 

Improvements 

considered 

Recommendations 

Ohio  River 

House  Document 
No.  306,  74th 
Congress,  1st 
Session  submitted 
14  August  1935 

Comprehensive 
plan  for  navi- 
gation, flood 
control,  hydro- 
electric power 
and  irrigation 

Further  study 
by  Chief  of 
Engineers  and 
local  interests. 

Comprehensive 
Flood-Control 
Plan  for  Ohio 
and  Lower 
Mississippi 
Rivers 

House  Flood  Control 
Committee  Document 
No.  1,  75th  Congress 
1st  Session,  submit- 
ted 28  April  1937 

Review  of 
comprehensive 
plan  presented 
in  House  Docu- 
ment No.  306 

A system  of 
flood  control 
reservoirs  on 
tributaries  of 
Ohio  River;  8 
located  in  Wabash 
basin  including 
Wolf  Creek  site 
on  Embarrass. 
River 

Comprehensive 
Flood-Control 
Plans  and 
Works  for 
Reservoirs, 
Levees  and 
Floodwalls 

House  Flood 
Control  Committee 
Report  No.  2353, 
75th  Congress, 

3rd  Session,  sub- 
mitted 13  May  1938 

Restudy  and 
revision  of 
comprehensive 
plan  presented 
in  House  F.  C. 
Committee 
Document  No.  1 

Ohio  River  basin 
plan  included 
eight  local  flood 
protection  pro- 
jects and  five 
reservoirs  in 
Wabash  River 
basin.  Wolf 
Creek  site. 
Embarrass  River, 
included . 

Wabash  River 
and  Tribu- 
taries, 
Indiana  and 
Illinois 

House  Document 
No.  197,  80th 
Congress,  1st 
Session,  submit- 
ted 1 April 
1947 

Comprehensive 
plan  for  flood 
control  in 
Wabash  River 
basin.  Two 
reservoir 
plans  studied 

Construction  of 
21  levee  and 
local  protection 
projects  and  one 
channel  improve- 
ment project. 
Deletion  of 
authority  for  3 
reservoirs  in- 
cluding 'Wolf 
Creek  Reservoir, 
Embarrass  River. 

Headwater 
Reservoirs, 
Wabash  River, 
Indiana 

House  Document 
No.  435,  84th 
Congress,  2nd 
Session,  sub- 
mitted I4  June 
1956 

Flood  control 
plan  i<  upper 
reach  of 
Wabash  River, 
Logansport- 
Huntington 

Construction  of 
three  reservoirs. 
Deletion  of  au- 
thority for  local 
protection  pro- 
jects at 

Logansport,  Peru 
and  Wabash,  Ind. 
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DESCRIPTION. 


a.  Wabash  River  Basin.  The  Wabash  River  basin  is  an  ap- 
proximately oval  drainage  area  of  33,100  square  miles,  319 
lying  in  western  Ohio,  8,563  in  eastern  Illinois,  and  24,218 
in  Indiana.  The  length  of  the  basin  is  about  285  miles  and 
its  maximum  width  about  190  miles.  The  Wabash  River  rises  near 
Celina,  Ohio,  flows  northwesterly  67  miles  to  Huntington,  Indiana, 
thence  generally  west  and  southwest  312  miles  to  the  confluence  of 
the  White  River,  its  major  tributary,  and  then  continues  south- 
westerly 96  miles  to  join  the  Ohio  River,  at  a point  133  miles 
above  its  junction  with  the  Mississippi  River,  for  an  over-all 
length  of  about  475  miles.  A map  of  the  basin  and  its  tributaries 
are  shown  on  Plate  1.  Further  description  in  this  report  is  limited 
to  the  three  tributaries.  Embarrass  River,  Clifty  Creelc  and  Patoka 
River,  on  which  reservoir  sites  are  considered  herein. 

b.  Embarrass  River  Basin  - Lincoln  Reservoir.  The  Embarrass 
River  basin  lies  entirely  within  the  state  of  Illinois.  The  drain- 
age area  of  this  tributary  of  Wabash  River,  the  third  largest  in  the 
Wabash  Basin,  is  long  and  narrow,  with  a length  of  approximately 

105  miles  and  a fairly  uniform  width  of  about  25  miles.  Total  drain- 
age area  is  2,438  square  miles,  of  which  915  square  miles  are  above 
the  Lincoln  dam  site  considered  and  described  elsewhere  in  this  report. 
The  Embarrass  River  rises  in  the  central  part  of  Champaign  County, 
near  Urbana,  Illinois,  flows  in  a southerly  direction  through  Douglas, 
Coles,  and  Cumberland  Counties  to  the  center  of  Jasper  County,  thence 
in  a general  southeasterly  direction  to  the  north  edge  of  Richland 
County,  the  southwest  corner  of  Crawford  County,  and  across  Lawrence 
County  to  its  junction  with  the  Wabash  River  at  about  122  miles  above 
the  junction  of  the  Wabash  and  Ohio  Rivers,  or  six  river  miles  below 
Vincennes,  Indiana.  The  Embarrass  River  is  185  miles  long  with  many 
crooks  and  long  tortuous  bends.  The  largest  tributary,  North  Fork 
Embarrass  River,  enters  the  Embarrass  River  downstream  from  Lincoln 
dam  site  at  river  mile  103,  and  drains  an  area  of  325  square  miles. 
From  the  mouth  to  mile  63,  the  main  channel  slopes  vary  from  1 to 

1.5  feet  per  mile.  Between  mile  63  and  mile  169,  the  slope  is  about 

1.6  feet  per  mile  and  averages  about  7 feet  per  mile  for  the  remain- 
ing upper  reaches  of  the  river.  In  the  reach  below  mile  100,  the 
average  depth  from  mean  low  water  to  bank  line  is  approximately  15 
feet  and  from  low  water  to  maximum  high  water,  about  22  feet.  The 
average  channel  width  in  this  reach  is  approximately  200  feet  and 
the  total  valley  width  at  elevation  of  maximum  high  water,  about  1.5 
miles.  The  average  channel  capacity  from  the  mouth  to  mile  101  is 
about  7,000  cubic  feet  per  second  or  about  13,900  acre-feet  per  day. 
Bankfull  stage  is  exceeded  several  times  per  year.  Due  to  the  topo- 
graphic and  drainage  features  of  the  watershed,  ru  -off  from  moderate 
to  severe  rainfall  results  in  frequent  medium  to  lugh-stage  flows  of 
long  duration. 
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In  its  upper  reaches,  the  Embarrass  River  is  a sluggish  prairie 
stream  fed  by  numerous  low  gradient  tributaries.  Near  the  Coles- 
Douglas  County  line,  the  river  drops  abruptly  to  form  a steep-walled, 
V-shaped  valley  50  to  70  feet  below  the  adjacent  upland  which  extends 
south  for  approximately  50  miles.  In  Cumberland  County  and  throughout 
the  Illinoian  glacial  drift  area  the  channel  occupies  a broad  flat- 
bottomed  valley  with  steep  valley  walls  rising  sharply  to  the  upland. 

The  river  throughout  its  course  occupies  a sharply  defined  valley 
abruptly  below  the  upland.  The  topography  varies  from  hilly  terrain 
in  the  upper  reaches  to  a relatively  level  terrain  in  the  lower  reaches. 
The  valley  bottom  width  varies  from  0.5  mile  to  2.5  miles  and  averages 
about  1.3  miles  from  the  mouth  to  mile  91.7.  From  mile  91.7  to  mile 
170,  which  includes  the  Lincoln  Reservoir  are,j,  valley  widths  range 
from  300  feet  to  3,000  feet  and  average  1,300  feet. 

c.  Clifty  Creek  Basin  - Clifty  Creek  Reservoir.  Clifty  Creek 
is  a tributary  of  the  East  Fork  v/hite  River.  It  is  formed  in  Decatur 
County,  Indiana,  near  the  city  of  Sandusky,  Indiana,  by  the  juncture 
of  its  three  upper  branches,  the  North  Branch,  the  Middle  Branch, 

and  the  South  Branch.  From  Sandusky  the  stream  flows  in  a south- 
westerly direction  across  Decatur  County  and  continues  in  the  same 
general  direction  to  its  junction  with  the  East  Fork  of  the  V/hite 
River  in  the  middle  of  Bartholomew  County,  about  three  miles  south 
of  Columbus,  Indiana,  and  about  187  river  miles  above  the  junction 
of  the  East  Fork  White  River  and  the  V/hite  River.  Clifty  Creek  water- 
shed is  about  40  miles  in  length  with  an  average  width  of  from  four  to 
five  miles.  The  total  length  of  the  stream  is  about  25  miles.  The 
total  drainage  area  is  about  200  square  miles,  of  which  140  square 
miles  are  above  the  dam  site  proposed  herein. 

The  topography  of  the  watershed  is  gently  rolling  with  elevations 
varying  between  590  feet  at  the  mouth  to  1,000  feet  in  the  upper  reacnes. 
The  reservoir  site  is  just  below  the  mouth  of  Fall  Fork,  18.4  miles 
above  the  mouth  of  Clifty  Creek, and  about  1.5  miles  downstream  from 
Hartsville,  Indiana.  In  the  project  area  both  Clifty  Creek  and  Fall 
Fork, for  a distance  of  about  3,000  feet  above  its  confluence  with 
Clifty  Creek,  flow  through  narrow,  steep-sided  valleys  with  numerous, 
short,  intermittent,  high-gradient  tributaries  entering  from  the 
surrounding  farmland.  Upstream  of  this  deep-valleyed  area,  Fall  Fork 
and  Middle  Fork  form  a wide  rectangular  area  with  both  of  these  smaller 
streams  having  cut  their  channels  to  the  limestone  bedrock.  On  Fall 
Fork,  undercutting  of  a shale  layer  has  produced  a 10- foot  high  falls 
about  1.8  miles  above  its  mouth.  Much  of  the  flood  plains  of  both 
Clifty  Creek  and  Fall  Fork  are  cleared  and  support  grain  farming,  dairy- 
ing and  livestock  production.  Wooded  areas  exist  on  the  steep  valley 
sides  and  along  the  immediate  stream  banks. 

d.  Patoka  River  Basin  - Patoka  Reservoir.  The  Patoka  River  Basin 
lies  in  southwestern  Indiana.  The  drainage  area  is  long  and  narrow  with 
the  long  axis  reaching  halfway  across  the  state  in  a generally  east-west 
direction.  The  basin  is  about  80  miles  in  length  with  short  side  tribu- 
taries included  in  a basin  width  of  not  more  than  12  miles.  Over-all 
drainage  area  is  about  865  square  miles  of  which  168  square  miles  are 
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above  the  dam  site  proposed  herein.  The  Patoka  River  rises  in  south- 
eastern Orange  County  near  Valeen,  Indiana,  flows  in  a westerly 
direction  through  Dubois,  Pike  and  Gibson  Counties  to  the  Indiana 
State  line  and  its  junction  with  the  Wabash  River  at  Mile  94*6,  about 
one  mile  below  the  mouth  of  the  White  River.  Throughout  the  lower 
two- thirds  of  its  course,  the  Patoka  River  parallels  the  White  River 
and  its  East  Fork  at  an  average  distance  of  about  10  miles  to  the 
south.  The  Patoka  River  is  about  133  miles  long  and  flows  through 
many  long  tortuous  bends.  Throughout  most  of  its  ^ourse,  it  is  a 
sluggish,  meandering  stream  in  a flat  valley  with  un  average  slope 
of  about  0.3  foot  per  mile.  In  the  Wabash  River  backwater  area  be- 
low the  town  of  Patoka,  the  river  has  a stream  length  of  17.5  miles 
in  a valley  length  of  nine  miles.  Between  the  towns  of  Winslow  and 
Patoka  the  stream  gradient  averages  about  one  foot  per  mile.  The 
channel  has  been  straightened  downstream  from  Winslow  to  a point 
about  three  miles  above  the  Princeton  Water  Works.  From  the  source 
of  the  stream  to  the  vicinity  of  Jasper,  the  valley  is  generally 
narrow,  averaging  less  than  a mile  in  width.  From  Jasper  to  the 
Wabash  River  backwater  area  near  Patoka,  valley  widths  range  from 
0.4  mile  to  2.5  miles  and  average  about  one  mile.  In  this  reach 
there  are  a number  of  wide  flat  pockets  interconnected  by  much 
narrower  reaches.  The  valley  is  bordered  by  hills  which  rise  on 
gentle  or  steep  slopes,  depending  on  the  locality,  to  generally 
about  100  feet  above  the  valley  floor.  There  are  several  lo w divides 
in  the  bordering  uplands.  The  topography  in  the  upper  half  of  the 
basin,  above  the  vicinity  of  the  Pike-Dubois  County  line,  is  fairly 
rugged  and  the  hill  slopes  are  short,  irregular  and  face  in  all 
directions.  The  topography  of  the  lower  half  of  the  basin,  except 
for  the  hills  north  and  west  of  Princeton  which  are  rough  and  uneven, 
is  generally  rolling  and  slopes  are  fairly  long  and  even.  Elevations 
in  the  Patoka  River  basin  vary  from  about  400  feet  near.  s-r,  lev^l 
(M.S.L.)  rr.euth  tc  above  ' 5C  feet  M.fi.L.  in  its  upper  reaches  . 

SECTION  II  - ECONOMIC  DEVELOPMENT 
6.  EC0NCMIC  BACKGROUND  OF  THE  WABASH  RIVER  BASIN. 

Population  growth  with  its  attendant  develops  .it  of  economic 
activities  in  the  Wabash  River  Basin  began  early  i.i  the  Nineteenth 
Century.  Initially  small  population  centers  were  formed  as  clusters 
along  streams  and  a number  have  developed  commercial  and  industrial 
importance.  But  early  settlers  generally  had  strong  interests  in 
land  and  the  independence  of  a rural  way  of  life  and  agriculture  came 
to  be  developed  as  the  principal  economic  activity.  Those  interests 
influenced  the  development  of  the  region's  agriculture  base  and 
attracted  and  retained  other  settlers  with  similar  interests. 

While  natural  waterways  provided  the  first  movement  of  persons 
and  things  into  the  Basin,  the  construction  of  canals  and  subse- 
quently the  building  of  railroads  during  the  Nineteenth  Century 
facilitated  the  economic  development. 


Rev  Mar  I 


While  the  Wabash  Basin  promises  to  continue  in  importance  as  a 
producer  of  agricultural  products,  its  economic  future  will  be  en- 
hanced by  the  development  of  commercial  and  industrial  activities. 

7.  DEVELOPMENTAL  DIFFERENCES  BETWEEN  WHITE  AND  WABASH  BASINS. 

As  evidenced  by  population  and  employment  data,  the  White  River 
Basin  portion  of  the  Wabash  River  Basin  is  becoming  more  industrialized 
and  more  urbanized.  The  percent  of  the  population  residing  in  urban 
areas  of  the  White  River  Basin  was  62.1  in  I960,  but  is  projected  to 
increase  to  72.8  in  2010.  The  percent  of  the  population  residing  in 
urban  areas  in  the  Wabash  River  Basin,  exclusive  cf  the  White  River 
Basin,  vas‘49.7  in  i960,  and  is  projected  to  account  fob  a 60.9  percent 
share  in  2C1C . Employment  increases  in  trade,  in  services,  and  in  ma/iu- 
facturing,  are  therefore  more  evident  in  the  White  River  portion  of  the 
Wabash  River  Basin. 


Growth  in  manufacturing  and  in  retail  sales  is  indicated  by  the 
following  schedule: 


Value  Added 

Value  Added  Total 

Total 

by  Manu- 

by Manu- 

Retail 

Retail 

facturing 

facturing 

Sales 

Sales 

1954 

195.; 

1954 

1958 

($1,000) 

($1,000) 

($1,000) 

($1,000) 

Wabash  Basin 

in  Illinois  $ 

171,803 

$ 215,087 

$ 506,076 

$ 579,549 

Wabash  Basin 

in  Indiana!/ 

539,190 

674.291 

816,421 

925,633 

Total 

$ 

710,993 

$ 839,378 

$1,322,497 

$1,505,232 

White  Basin, 

Indiana 

1,536,675 

1,816,163 

1,759, 169 

1,997,993 

Total, 

Wabash  Basin  $2,297,668 

$2,705,541 

$3,081,666  $3,503,225 

Between  the  business-census  years  of  1954  and  1953  the  growth  in 
value  added  by  manufacturing  was  18  percent  and  the  growth  in  retail 
sales  was  14  percent  for  the  total  Wabash  Basin.  It  is  to  be  noted 
that  the  contributions  of  the  White  Basin  were  substantially  greater 
in  absolute  numbers,  although  percentage  gains  that  can  be  determined 
from  the  above  schedule  will  indicate  that  the  Wabash  Basin  exclusive 
of  the  White  Basin  had  a faster  rate  of  growth  during  that  4-year 
period. 

A more  significant  indication  of  development  in  the  two  sub- 
basins is  reflected  by  projected  population.  Preliminary  reports  from 
an  economic  survey  of  the  Ohio  River  Basin  by  the  A.  D.  Little  Company 
project  an  increase  in  population  of  90.3  percent  for  the  White  River 
sub-basin  by  the  year  2010.  The  projected  increase  for  the  Wabash 
Basin,  exclusive  of  the  White  River  Basin  is  51.3  percent  for  the  same 
period. 

^Exclusive  of  White  River  Basin. 
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8.  DEVELOPMENT  TRENDS. 

The  population  cf  the  Wabash  River  Basin  grew  from  2,363,400 
in  1930  to  3,145,300  in  1960,  an  increase  of  about  33.1  percent 
for  the  three  decades.  Preliminary  projections  provided  by  the 
A.  D.  Little  Company  study  indicate  that  the  total  population  for 
the  Basin  will  reach  a total  of  5,454,600  in  the  year  2010.  This 
is  a 73.4  percent  increase  over  the  I960  count,  and  would  indicate 
an  annual  growth  rate  of  1.47  percent. 

It  is  well  established  in  economics  that  communities  which 
can  provide  increasing  employment  opportunities,  have  a population 
growth  potential.  In  the  free  enterprise  system,  factors  of  pro- 
duction (labor  is  one  such  factor)  move  in  response  to  demand. 

Communities  that  can  maintain  employment  opportun:  vies  on  a con- 
tinuing basis  will  experience  increases  in  their  iopulations. 

There  is  a definite  relationship  between  projected  populations  and 
projected  employment  counts  in  a given  area.  Of  the  18  counties 
situated  in  the  State  of  Illinois,  Champaign,  Coles,  and  Vermilion 
Counties  provided  almost  20  percent  of  the  employment  in  the  sub- 
area  in  1960.  These  three  counties  also  accounted  for  about  20 
percent  of  the  population  in  I960.  The  proposed  Lincoln  Reservoir 
would  be  located  in  Coles  and  Cumberland  Counties  and  would  also 
benefit  Crawford,  Jasper,  and  Lawrence  Counties  which  have  a down 
stream  location.  Similar  situations  exist  to  smaller  scale  in  the 
State  of  Indiana  with  reference  to  the  proposed  Clifty  Creek  and 
Patoka  Reservoirs. 

A significant  indication  of  economic  change  in  the  Wabash  Basin 
is  in  the  increasing  productivity  of  its  agriculture  which  has  been 
accompanied  by  substantial  decreases  in  its  agricultural  employment. 
Dollar  value  of  farm  production  sales  increased  from  $672.9* 
million  in  1949  to  $856.9  million  in  1959.  In  a roughly  comparable  period 
(1950  to  1960)  the  employment  in  agriculture  in  the  Wabash  Basin 
decreased  from  150,900  to  97,200.  Based  on  that  census  data,  the 
productivity  per  worker  in  agriculture  increased  from  $4,459.  to 
$8,816. 


Bituminous  coal  and  petroleum  products  are  the  most  imiportant 
mineral  products  in  the  Basin.  Other  mineral  products  are  sand, 
gravel,  sandstone,  limestone,  clay,  natural  gas  and  gypsum. 

Total  employment  is  increasing  in  the  Basin  and  while  decreases 
are  being  reported  in  agriculture  and  in  mining,  employment  is  in- 
creasing in  construction,  transportation,  wholesale  and  retail  trade, 
finance,  insurance,  and  real  estate,  business  and  personal  services, 
and  in  manufacturing.  Most  significant  employment  increases  have 
been  reported  in  wholesale  and  retail  trade,  business  and  personal 
services,  and  in  manufacturing.  These  activities  are  conterminous 
with  urban  development  and  presumably  will  increase  in  the  future 
as  urban  population  increases. 


10 


Manufacturing  is  a basic  employment  which  sets  in  motion  demands 
that  can  be  served  by  business  activities  in  construction,  transporta- 
tion, services,  and  in  finance.  Growth  in  retail  trade  is  one  indica- 
tion of  a general  betterment  in  the  standard  of  living  in  the  Wabash 
Basin.  It  is  also  an  indication  of  a growing  capacity  for  consumption 
of  goods  and  services  produced  in  the  Basin. 

From  the  standpoint  of  present  economic  development  the  Wabash 
Basin  is  an  agricultural  carpet  studded  with  small,  medium,  and  a f ew 
large  cities.  This  diversification  of  interests  would  appear  to  be  a 
factor  pointing  toward  the  continued  economic  growth  and  importance 
of  this  geographic  area.  With  an  agricultural  base  permitting  the 
production  of  a variety  of  crops,  important  natural  resources,  good 
transportation  potential,  available  industrial  plant  sites,  and 
proximity  to  both  the  industrial  developments  along  the  main  stem  of 
the  Ohio  River  and  the  Great  Lakes  industrial  complex,  the  economic 
role  of  the  Wabash  Basin  should  increase  in  importance.  A more  de- 
tailed discussion  of  Economic  Development  is  presented  in  Appendix  B, 
Section  I. 

SECTION  III  - METEOROLOGY  AND  HYDROLOGY 

9.  CLIMATOLOGY. 

In  general,  the  climate  of  the  Wabash  River  basin  is  temperate, 
having  neither  severe  nor  protracted  winters,  nor  long  periods  of 
abnormally  high  temperatures  during  the  summer  season.  Moderate 
cloudiness  and  windiness  are  accentuated  by  occasional  tornadoes. 

High  humidity  and  frequent  temperature  changes  with  considerable 
rainfall,  usually  well  distributed  throughout  the  year,  are  char- 
acteristic of  the  portion  of  the  Wabash  basin  considered  herein. 
Convective  storms  of  intense  precipitation  but  of  short  duration 
are  prevalent  during  the  summer  months.  Accumulation  of  climato- 
logical data  for  periods  of  record  varying  from  a few  years  to  over 
100  years  are  in  existence.  The  only  first  order  U.  3.  Weather 
Bureau  station  presently  within  the  Wabash  Ri  er  basin  is  at 
Indianapolis,  Indiana.  The  mean  annual  precipitation  for  the  Wabash 
River  basin  is  about  40  inches.  Snow  rarely  remains  on  the  ground 
for  more  than  a few  days  at  a time  and,  in  general,  snowfall  over 
the  basin  is  a small  contributing  factor  to  floods.  The  average 
annual  snowfall  for  the  area  is  about  20  inches.  The  mean  tempera- 
ture of  the  Wabash  River  basin  is  about  52  degrees  Fahrenheit. 

Maximum  and  minimum  recorded  temperatures  at  Vincennes,  Indiana, 
which  is  considered  typical  of  the  area,  are  111  and  -19  degrees. 

The  maximum  wind  velocity  recorded  at  Terre  Haute,  Indiana,  for  an 
approximate  one  minute  duration,  is  66  miles  per  hour. 

10.  RUNOFF  AND  ST"" '■  LOW. 

The  average  ajuiual  runoff  for  the  '.Vabash  River  basin  is  about 
12  inches.  Pertinent  data  for  stream  gages,  runoff,  and  stream  flow, 
which  are  considered  representative  of  this  portion  of  V/abash  basin. 
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are  given  in  tables  1 and  2.  A minimum  annual  runoff  of  3.43  inches 
and  a maximum  of  28.59  inches  occurred  on  the  Wabash  River  at 
Mt.  Carmel,  Illinois.  A minimum  annual  runoff  of  0.38  inches  and 
a maximum  of  26.09  inches  occurred  on  the  Embarrass  River  at  Ste.  Marie, 
Illinois.  A minimum  annual  runoff  of  2.47  inches  and  a maximum  of 
29.97  inches  occurred  on  the  East  Fork  White  River  at  Seymour,  Indiana. 
A minimum  annual  runoff  of  2.77  inches  and  a maximum  of  36.33  inches 
occurred  on  the  Patoka  River  at  Princeton,  Indiana.  It  was  necessary 
to  develop  flows  for  all  three  reservoir  project  studies,  by  applica- 
tion of  effective  rainfall  to  unit  hydrographs  for  some  periods. 

Table  1 gives  drainage  area,  period  of  record,  essential  flood  stage, 
and  discharge  maximum,  minimum  and  mean  values,  for  all  pertinent 
gages.  Table  2 gives  the  flood  runoff  dates,  estimated  peak  stage 
and  discharge,  and  also  includes  the  volume  of  storm  runoff  expressed 
in  acre-feet  and  inches.  Details  and  analyses  of  -ignificant  data 
are  given  in  Appendix  D,  Hydrology  and  Hydraulics. 
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PERTINENT  DATA  ON  STREAM  GAGES 


Not  available 

1929  General  Adjustment 


TABLE  2 


RUNOFF  AND  STREAM  FLOW  DATA 


Runoff  date  Estimated  peak  Volume  of  storm  runoff 

Month  Year Stage Discharge (Acre-Feet)  (Inches) 


Wabash  River  at  Mt.  Carmel,  111. 


Dec 

32  - Jun 

33 

26.1 

232,000 

23,078,000 

15.13 

Dec 

36  - Jun 

37 

25.1 

285,000 

17,631,500 

11.56 

Jan 

- Jul  39 

23.2 

197,000 

15,159,700 

9.94 

May 

- Jul  43 

25.2 

305,000 

8,615,100 

5.65 

Feb 

- Jul  45 

22.0 

162,000 

15,422,900 

10.11 

Feb 

- Jun  48 

22.0 

162,000 

9,082,800 

5.95 

Dec 

48  - Jul 

49 

23.8 

236,000 

19,777,700 

12.96 

Dec 

49  - Jul 

50 

27.1 

288,000 

30,212,300 

19.81 

Nov 

50  - Jun 

51 

24.1 

164,000 

18,647,700 

12.23 

Nov 

51  - Jul 

52 

22.6 

127,000 

18,967,000 

12.43 

Jan 

- Aug  57 

23.2 

138,000 

15,167,800 

9.94 

Nov 

58  - Jul 

59 

24.1 

174,000 

16,116,100 

10.57 

Feb 

- Jul  61 

26.4 

250,000 

14,594,000 

9.57 

Patoka  River 

at 

Princeton,  Ind. 

Feb 

- Jul  45 

21.1 

15,400 

948,800 

21.82 

Dec 

48  - Apr 

49 

18.8 

9,700 

840,700 

14.30 

Dec 

49  - Jun 

50 

20.0 

12,600 

1,253,700 

28.84 

Nov 

50  - May 

51 

16.6 

5,600 

1,006,700 

23.16 

Nov 

51  - Apr 

52 

17.4 

6,680 

828,300 

19.06 

Jan 

- Mar  59 

18.7 

9,490 

282,300 

6.49 

Feb 

- May  61 

20.6 

12,900 

546,100 

12.56 

Eas 

it  Fork  White 

River  at  Seymour, 

Ind. 

Dec 

32  - Jun 

33 

10.9 

40,100 

1,902,200 

15.31 

Dec 

36  - Jun 

37 

19.5 

66,600 

1,787,700 

14.39 

Jan 

- Jul  39 

17.7 

36,200 

1,293,600 

10.40 

Dec 

49  - Jul 

50 

18.7 

54,000 

2,588,600 

20.83 

Jan 

- Aug  57 

17.9 

33,400 

1,304,900 

10.49 

Nov 

58  - Jun 

59 

19.4 

62,100 

1,342,500 

10.80 

Feb 

- Jun  61 

18.9 

59,400 

1,335,600 

10.75 

Embarrass  River 

at  Ste.  Marie, 

111. 

Dec 

32  - Jun 

33 

21.4 

22,500 

1,079,500 

13.38 

Dec 

36  - May 

37 

20.8 

17,300 

759,100 

9.41 

Jan 

- Jul  39 

21.5 

23,900 

833,500 

10.33 

May 

- Jun  43 

23.4 

32,000 

615,700 

7.63 

Feb 

- Jul  45 

21.6 

25,500 

883,700 

10.95 

Feb 

- Jun  48 

22.3 

29,200 

503,400 

6.24 

Dec 

49  - Apr 

50 

25.0 

44,800 

1,228,800 

15.23 
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11.  FLCCDS  OF  RECORD. 


The  valleys  in  a large  part  of  the  V '/abash  River  Basin  are  broad 
and  flat  v/ith  the  result  that  agricultural  damages  in  the  wide  flood 
plains  are  a major  factor  in  the  determination  of  total  loss  suffered 
from  floods.  Great  flood  destruction  also  occurs  to  towns  located 
along  the  banks  of  the  Wabash  River  and  its  tributaries.  The  principa 
cause  of  floods  in  the  Wabash  River  Basin  is  excessive  rainfall.  Snow 
melt,  the  release  of  ground  water  by  thawing  or  the  saturated  condi- 
tion of  the  ground  at  the  time  rainfall  occurs,  aggravates  flood  con- 
ditions by  increasing  runoff.  Floods  have  occurred  in  every  month  of 
the  year  but  those  of  summer  and  fall  ordinarily  have  less  areal 
coverage  than  those  of  winter  and  spring.  Since  the  August  1875  high 
water,  all  major  floods  have  occurred  in  the  winter  and  spring  months. 
The  March  1913  flood  was  the  most  devastating  runoff  period  in  tne 
Wabash  River  Basin  history.  After  this  flood  many  new  stream  gaging 
stations  were  established  v/ith  the  result  that  more  and  better  flood 
data  are  now  available.  Accordingly,  since  1913  the  five 
floods  of  greatest  magnitude  from  the  standpoint  of  areal  coverage, 
combined  v/ith  maximum  stages  for  the  portion  of  the  Wabash  Basin  con- 
sidered herein,  in  descending  order  of  magnitude  are  May  1943 , January 
February  1950,  May  1933,  March  1939,  and  January  1930.  Detailed 
records  of  floods  are  given  in  Appendix  D,  Hydrology  and  Hydraulics. 

12.  STANDARD  PROJECT  FLOOD. 

The  results  of  the  computations  of  the  standard  project  floods 
for  the  various  reservoirs  studied  are  shown  in  Appendix  D.  The  pro- 
cedure adopted  was  in  accordance  v/ith  Civil  Works  Engineer  Bulletin 
No.  52-8,  dated  26  March  1952,  and  titled,  "Standard  Project  Flood 
Determinations."  The  standard  project  flood  thus  determined  repre- 
sent flood  discharges  that  would  be  expected  from  an  extremely  severe 
combination  of  meteorologic  and  hydrologic  conditions  considered 
reasonably  characteristic  of  the  region  involved.  The  volumes  of  the 
standard  project  floods  for  various  reservoirs  herein  considered  are 
given  in  table  3.  The  adoption  of  lesser  volumes  of  flood  control 
storage  than  those  indicated  for  the  standard  project  floods  was  in- 
fluenced by  upstream  conditions  and  the  general  topography  of  the 
land  near  the  damsite. 


13.  PROBABLE  MAXIMUM  FLCCD. 


The  volumes  of  the  probable  maximum  floods  and  adopted  flood 
control  storages  for  the  reservoirs  found  desirable  in  this  report 
are  given  in  table  3.  The  probable  maximum  rainfall  for  all  reser- 
voirs was  taken  from  the  U.  S.  Weather  Bureau  Hydrometeorological 
Report  No.  33,  dated  April  1956.  The  hydrographs  of  the  probable 
maximum  inflow  into  the  pools  of  the  various  reservoirs  were  deter- 
mined by  application  of  effective  rainfall  to  the  unit  hydrcgraphs 
of  runoff  in  critical  time  relation.  The  details  of  spillway  floods 
are  shown  in  Appendix  D,  Hydrology  and  Hydraulics.  The  floods  thus 
derived  were  the  basis  of  spillway  design  and  the  selection  of  top 
of  dam  elevation  necessary  to  insure  structural  safety  under  extreme 
flood  conditions. 
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14.  FLCCD  REDUCTIONS. 


1 


The  stage  reduction  afforded  by  Lincoln,  Clifty  Creek  and  Patoka 
Reservoirs  at  downstream  points  was  based  on  reductions  estimated  in 
addition  to  those  attributable  to  reservoirs  completed,  under  con- 
struction and  undergoing  advance  planning.  The  number  of  floods 
routed  through  Lincoln,  Clifty  Creek  and  Patoka  Reservoirs  are  re- 
spectively 14,  7,  and  7 in  accordance  with  their  schedules  of  regu- 
lations. The  reservoir  holdouts  thus  determined  were  then  routed 
downstream  by  use  of  the  coefficient  method  of  routing  in  order  to 
evaluate  the  reductions  at  downstream  damage  points.  The  modified 
frequency  curves  determined  from  the  reductions,  which  are  indicated 
by  the  above-routed  floods,  are  the  basis  for  annual  benefits  that 
are  obtained  from  the  reservoirs.  Appendix  D,  Hydrology  and  Hydraulics, 
indicates  in  detail  the  reductions  at  downstream  points  afforded  by 
the  reservoirs. 

TABLE  3 

PROBABLE  MAXIMUM,  STANDARD  PROJECT,  MODIFIED  STANDARD  PROJECT, 

AND  ADOFTED  FLCCD  CONTROL  STORAGE 


Reservoir 

Item 

Lincoln 

Clifty  Creek 

i'etoxa 

Drainage  area  (sq.  mi.) 

915.0 

139.3 

168.0 

Volume  of  probable  maximum 
flood 

(acre-feet) 

(inches  runoff) 

741,700 

15.20 

110, 530 

14.82 

187,710 

20.95 

Volume  of  standard  project 
flood 

( acre-feet) 

(inches  runoff) 

542.165 

11.11 

94,467 

12.67 

131,263 

14.65 

..dopted  flood  control 
storage 

(acre-feet) 
(inches  runoff) 

477,000 

9.77 

48,560 

6.51 

144,100 

16.08 

Volume  of  standard  project 
flood  modified  by 
reservoir 

( acre-feet) 

(inches  runoff) 

65,165 

1.34 

45, 9C 

n.16 

0 

0 

w 
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SECTION  IV  - WATER  RESOURCES  PROBLEMS  A®  NEEDS 


15.  FLOOD  PROBLEMS , 

a . Extent  and  character  of  flooded  area. 

(l)  General.  The  overflow  areas  affected  by  the  three  reser- 
voirs considered  in  this  interim  report  are: 

Reservoir  Stream  Mile  to  Mile 


Lincoln 

Embarrass  River 

0.0 

to 

103.2 

Wabash  River 

0.0 

to 

124.2 

Clifty  Creek 

Clifty  Creek 

0.0 

to 

18.4 

East  Fork  White  River 

51.6 

to 

2.38.3 

White  River 

0.0 

to 

51.6 

Wabash  River 

0.0 

to 

95.6 

Patoka 

Patoka  River 

0.0 

to 

118.3 

Wabash  River 

0.0 

to 

94.5 

The  total  flood  plain  area,  about  614,000  acres,  is  chiefly  agricultural 
and  comprises  approximately  50  percent  of  the  overflow  area  of  the  Wabash 
River  basin.  Presented  in  the  following  paragraphs  is  a brief  discus- 
sion of  the  stream  areas  studied  with  a summary  of  flood  plain  develop- 
ments presented  in  table  4.  Additional  data  on  development  are  given 
in  Appendix  B. 

(2)  Wabash  River.  The  area  subject  to  inundation  along  the 
portion  of  Wabash  River  studied  by  this  report  comprises  about  320,000 
acres  of  principally  agricultural  lands.  Of  ■‘he  total  area  about 
252,000  acres,  or  79  percent,  is  in  cultivation.  Farm  developments 
are  scattered  throughout  the  flood  plain  on  ridges  or  knolls,  or  along 
the  edge  of  the  flood  plain  above  low  ar.d  medium  stage  flooding. 
Generally,  the  upstream  two-thirds  of  the  study  area  is  more  highly 
developed  than  the  downstream  one-third,  which  is  subject,  also,  to 
frequent  Chio  River  backwater  flocdirg.  There  are  two  urban  areas  that 
are  subjected  to  partial  inundation.  Over  3C0  miles  of  roads  and 
railroads  cross  or  traverse  the  flood  plain.  There  are  six  existing 
levees,  one  constructed  by  the  Corp..  of  Engineers  and  five  constructed 
by  local  interests,  that  offer  partial  protection  to  about  65,000  acres 
of  agricultural  lands  in  the  study  area  of  the  Wabash  River . In  addi- 
tion, two  Corps  of  Engineers'  l^vee  projects,  Levee  Unit  5,  which  is 
under  construction,  and  Mount  Carmel  Local  Protection  Project,  Illinois, 
which  is  in  the  advanced  design  stage,  will  afford  protection  to  por- 
tions of  the  area.  The  total  value  of  all  properties  along  the  Wabash 
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River  below  the  Embarrass  River,  excluding  the  property  protected  by 
the  Mount  Carmel  protection  project,  is  estimated  to  be  3102, COO, CCO. 


(3)  Embarrass  River.  The  flood  plain  area  of  the  Embarrass 
River  below  the  proposed  Lincoln  Reservoir  consists  of  about  80,000 
acres  of  land,  of  which  about  68,000  acres,  or  85  percent,  are  in 
cultivation.  The  stream  valley  varies  in  width  from  300  feet  to 
about  13,000  feet  and  averages  about  4,000  feet.  Portions  of  two 
urban  areas,  Newton  and  Lav/re nee ville,  Illinois,  are  within  the  flood 
plain.  Three  major  highways,  U,  S.  50,  150  and  40,  and  four  rail- 
roads cross  the  Embarrass  River.  In  addition,  many  miles  of  metal 
surface  and  gravel  roads  traverse  the  valley.  Five  agricultural 
levees,  of  a total  of  eight  locally  constructed  levies,  offer  seme 
degree  of  protection  to  about  18,500  acres  of  agricultural  lands 

and  improvements.  The  remaining  three  levees  offer  negligible  pro- 
tection. The  estimated  value  of  property  within  the  study  area  of 
the  Embarrass  River  is  $23,000,000. 

(4)  White  and  East  Fork  White  Rivers  and  Clifty  Creek.  The 
areas  effected  by  Clifty  Creek  Reservoir  are  diverse  and  varied  in 
character.  In  the  relatively  short  reach  of  Clifty  Creek  (18.4  miles 
from  its  mouth  to  the  dam  site)  the  stream  is  narrow  and  the  flood 
plain  averages  about  2,000  feet  in  width.  A residential  sub-division, 
a suburb  of  Columbus,  Indiana,  consisting  of  about  110  residential 
units,  lies  near  the  stream.  With  the  exception  of  fences,  out- 
buildings, and  several  road  crossings,  there  is  little  other  develop- 
ment in  the  overflow  area.  Along  the  East  Fork  of  White  River  the 
flood  plain  averages  about  10,000  feet  in  width  in  the  area  below 
Clifty  Creek,  narrows  to  about  2,600  feet  in  width  in  the  middle 
reaches  ar.d  widens  to  about  7,000  feet  along  the  lower  East  Fork  and 
White  River.  Many  farm  improvements,  including  fences  and  barns,  are 
in  the  overflow  area.  Portions  of  seven  urban  areas  are  subjected  to 
flooding.  Numerous  highways  and  roads  lie  in  or  cross  the  flood  plain 
with  the  most  important  of  these  being  US  1-65,  US  31,  50,  231  and  41, 
There  are  nine  railroad  crossings.  The  total  value  of  properties  in 
the  flood  plain  between  the  proposed  Clifty  Creek  dam  site  and  the 
V/abach  River  is  estimated  to  be  about  $63,000,000. 

(5)  Patoka  River.  The  Patoka  River  overflow  area  comprises 
about  59, CCO  acres  of  agricultural  lands,  of  which  about,  42.0C0  are 

in  cultivation.  The  flood  plain  varies  in  width  from  about  6, COO  feet 
in  the  lower  reaches  to  about  1,200  feet  in  the  vi  nity  of  Ellsworth 
and  averages  about  4,000  feet.  Agricultural  development  consisting  of 
comple  te  farm  units  are  largely  located  along  the  edge  of  the  flood 
plain.  Many  areas  maintain  fences  and  drainage  ditches.  Four  urban 
areas,  the  largest  of  which  is  Jasper,  Indiana,  are  partially  sub- 
jected to  inundation.  There  are  thirty-two  highway  and  ten  railroad 
bridges  that  cross  the  Patoka  River  in  the  study  area.  The  most 
important  of  the  highway  crossings  arc  U.S.  41  and  231  and  Indiana 
State  Highway  57.  One  levee,  the  locally  built  Columbia  Levee,  offers 
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minor  protection  to  700  acres  of  agricultural  land.  The  total  value 
of  properties  below  Patoka  Reservoir  is  estimated  to  be  about  525,000,000. 


(6)  Summary . Summarized  in  table  4 are  the  estimated  value 
of  properties ,~ by  stream  reaches,  studied  in  connection  with  this  re- 
port. 
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TYPE  A®  VALUE  OF  DEVELOPMENT  BY  STREAM  REACHES 
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Total  East  Fork  White  R.  126,6C0  S 34, ICS  6 $ 8,836  241  $ 7,628 


TABLE  4 (Cont'd) 
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(1)  Excludes  lit.  Carmel,  111.,  authorized  for  local  protection. 


b.  Flood  damages. 

(1)  General.  Flooding  along  the  Wabash  River  occurs  almost 
every  year  and  often  several  times  a year.  Major  floods  usually  oc- 
cur during  the  winter  and  early  spring  months  with  principal  damages 
resulting  to  urban  areas,  transportation  routes  and  non-crop  agricul- 
tural properties.  These  major  floods  remain  above  food  stage  for 
extended  periods  and  cause  great  tangible  damage,  long  delays  in 
transportation  movements,  and  almost  complete  disruption  of  all 
economic  activity.  It  is  of  particular  significance  that  many 
agricultural  levees  are  overtopped  or  breached  during  major  flood- 
ing at  a time  when  repairs  prior  to  the  growing  season  are  virtually 
impossible.  Medium  and  low  stage  floods  have  happened  during  every 
month  of  the  year  but  are  of  particular  importance  when  occurrences 
have  been  in  the  late  spring  or  early  summer  months.  Flooding  during 
this  period  delays  planting,  necessitates  costly  replanting  and  some- 
times prevents  the  use  of  arable  lands  for  an  entire  cropping  season. 
In  the  lower  portion  of  the  Wabash  River  where  the  overflow/  area  is 
largely  unprotected,  major  tributaries  contribute  considerable  inflow, 
which  when  combined  with  Ohio  River  backwater  often  maintains  stages 
above  bankfull  for  periods  up  to  50  days.  Soil  conditions  after  such 
flooding  are  such  that  preparation  and  planting  cannot  be  accomplished 
during  that  crop  season. 


( 2 ) Tangible  damages  of  specific  floods  - Wabash  Basin. 
Estimates  of  damages'  have  been  reported  for  various  historical  floods 
in  the  Wabash  River  basin,  including  the  maximum  record  flood  of  March 
1913.  The  reliability  and  over-all  coverage  of  these  estimates  are 
unknown.  However,  it  is  considered  that  reported  damages  are  some- 
what indicative  of  damages  under  conditions  and  values  current  at  the 
time  of  the  flood.  A tabulation  of  seme  of  the  most  damaging  of 
these  recorded  historical  floods  is  given  below. 


Flood  Estimated  Damage 

1913  - need  of  record  $ 25, 0C0, (VO 


1919  6,0C0,CC 0 

1927  6,000,000 


1930 


5,947,000 


1936 


2,425,000 


The  May  1943  flood,  the  second  highest  flood  of  record  in  a 
large  portion  of  the  Wabash  River  basin  was  the  first  major  flood 
for  which  a flood  damage  survey  was  initiated  by  the  U.  0.  Army 
Engineer  District,  Louisville,  Kentucky,  ar.d  for  which  damage  data 
are  available.  The  survey  for  this  flood  included  essentially  nil 
of  the  inundated  ai'ea  and  considered  all  types  of  damages  to  proper- 
ties affected.  It  was  estimated  at  the  time  that  damages  resulting 
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from  tho  I\'ay  1943  flood  were  $23,017,OCO.  From  1943  to  raid-1962,  there 
have  been  12  floods  of  consequence  in  the  Wabash  River  basin.  Hot  all 
of  these  floods  were  basin  wide  but  each  had  considerable  impact  along 
the  main  stem  of  the  Wabash  River.  The  most  damaging  of  these  floods 
was  the  June- July  1958  flood  which,  because  of  the  time  of  occurrence, 
resulted  in  great  agricultural  losses  along  the  Wabash  River  and  its 
major  tributaries.  Losses  sustained  from  this  flood  were  estimated 
to  be  426,241,000  of  which  $14,267,000  were  along  the  Wabash  River 
main  stem.  Other  recent  floods  which  caused  great  damages  were : 

1947  - $13,970,000;  1957  - $12,837,000;  and  1961  - $14,037,000. 

(3)  Tangible  damages  - Wabash  River  and  tributaries.  To 
define  the  flood  problem  in  the  areas  studied  for  this  report,  an 
analysis  was  made  of  recent  flood  damage  surve . data  and  economic 
studies  of  the  subject  areas.  Field  surveys  v;_re  made  to  obtain  new 
data  and  to  modify  and  adjust  previously  compiled  data  to  represent 
current  conditions  of  development  and  flood  damages.  Considered  in 
the  evaluation  of  damages  were  physical  damage  to  buildings  and  con- 
tents, lands,  fences,  transportation  routes,  and  levees.  Crop  losses 
were  measured  as  either  the  additional  expenditures  to  produce  the 
crop  or  the  r.on-recoverable  portion  of  the  value  less  the  ren-incurred 
expenditures.  Business  losses,  lost  wages,  emergency  expenses,  and 
traffic  re-routing  costs  and  delays  ve re  also  included.  Table  5 pre- 
sents a summary  of  the  losses  that  could  be  expected  to  result  from 
recurrence  in  1963  of  the  record  reh  1313  flood  and  the  Jure  1.V0 
flood,  a recent  cropping  season  flood.  Generally,  the-  : arch  1913 
lined  is  the  maximum  ox'  record  in  the  '..'abash  River  Basin  and  has 
been  selected  for  presentation  of  data  for  this  and  other  reports . 
However,  at  several  gaging  stations  along  the  Patoka  Fiver,  this 
flood  has  teen  exceeded  by  several  more  recent  flood  occurrt ..ces . 
Additional  data  on  flood  damages  are  presented  in  Appendix  ! . 


TABLE  5 


ESTIMATED  DAMAGE  FOR  RECURRENCE  OF  SPECIFIC  FLOODS 


Damages  for  flood  recurrence (l) 
June  I960  March  1913 

Stream  and  reach  Mile  to  mile  ($1,000)  ($1,CC0) 


Wabash  River 


17-1 

0.0  - 

40.0 

1,673 

1,396 

VJ-2 

40.0  - 

94.5 

1,662  (2) 

3,756  (2) 

VV— 3 

94.5  - 

124.2 

321 

1,730 

Total 

Wabash  River 

3,656 

6,832 

Embarrass  River 

EM-1 

0.0  - 

63.3 

810 

1,015 

EM-2 

63.3  - 

103.2 

475 

329 

Total 

Embarrass  River 

1,235 

1,344 

White  River 

V.H-1 

0.0  - 

51.6 

925 

442 

East  Fork  1 

hite  River 

EW-1 

51.6  - 

111.9 

904 

666 

EV/-2 

111.9  - 

146.2 

256 

187 

E17-3 

146.2  - 

133.7 

602 

287 

EV7-4 

133.7  - 

233.3 

2,164 

1,971 

Total 

East  Fork  White  River 

3,926 

3,111 

Clifty  Creek 

CC-1 

0.0  - 

18.4 

11 

451 

Total 

White  ar.d  East  Fork 

White  Rivers  and  Clifty  Creek 

4,362 

4,004 

Patoka  River 

P-1 

0.0  - 

17.5 

217 

45 

P-2 

17.5  - 

34.6 

177 

338 

P-3 

34.6  - 

54.8 

179 

CO 

P-4 

54.3  - 

62.2 

10 

32 

P-5 

62.2  - 

81.1 

109 

1 77 

P-6 

81.1  - 

1C6.0 

110 

593 

P-7 

1C6.0  - 

118.3 

37 

43 

Total 

Fatoka  River 

839 

1,268 

(1)  1963  values  ar.d  conditions 

(2)  Mt.  Carmel,  111,,  excluded  (local  protection  anticipated  in  near 
future) 
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(4)  Tangible  damages  - Ohio  River.  The  greatest  flood  of 
record  along  the  Chio  River  below  the  l/abash  River  was  that  of  January- 
1937.  Estimated  damages  at  the  time  of  flood  occurrence  for  this  lower 
portion  of  the  river  were  $13  million.  Recent  studies  of  this  area 
indicate  that  recurrence  of  the  January  1937  flood  with  present  condi- 
tions and  price  levels  would  also  result  in  damages  of  about  $18 
million.  However,  flood  protection  is  now  provided  by  Federally  con- 
structed projects  at  the  damage  centers  of  Paducah,  Kentucky,  and 
Rosiclare,  Golcor.da,  Mounds  and  Mour.d  City,  Illinois.  These  areas 
were  not  protected  in  1937  and  sustained  a large  part  of  the  damages 
at  that  time. 


(5)  Average  annual  damages.  Average  annual  damages  for  all 
areas  were  developed  by  use  of  the  damage  frequency  method  of  develop- 
ing annual  flood  losses.  Using  this  method,  annual  losses  are  derived 
by  combining  data  from  stage-damage  curves  and  comparable  stage- 
frequency  curves.  Initially,  natural  frequency  curves  were  modified 
to  reflect  the  operation  of  existing  reservoirs  and  those  to  be  com- 
pleted in  the  near  future.  A summary  of  average  annual  damages  by 
stream  reaches  is  given  in  table  6.  Additional  data  on  flood  damages 
and  damage  curves  are  given  in  Appendix  B.  Flood  frequency  data  and 
frequency  curves  are  presented  as  a part  of  Appendix  D,  Hydrology  and 
Hydraulics . 
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TABLE  6 


ESTIMATED  AVERAGE  ANNUAL  DAMAGES  BY  STREAM  REACHES 


Stream  and  reach 

Mile  to  mile 

Average  annual  damage  (1) 
($1,0C0) 

Wabash  River 

V/-1 

0.0 

— 

40.0 

676 

V/-2 

40.0 

- 

94.5 

583 

W-3 

94.5 

- 

124.2 

496 

Total  Wabash  River 

1,755 

Embarrass  River 

EM-1 

0.0 

_ 

63.8 

938 

EM-2 

63.8 

- 

103.2 

358 

Total  Embarrass  River 

1,296 

White  River 

WH-1 

0.0 

- 

51.6 

315 

East  Fork  White  River 

EV/-1 

51.6 

— 

111.9 

206 

EV/-2 

111.9 

- 

146.2 

66 

EV/-3 

146.2 

- 

183.7 

455 

EV/-4 

183.7 

- 

238.3 

1,715 

Total  East  Fork  White  River 

2,442 

Clifty  Creek 

CC-1 

0.0 

- 

18.4 

37 

Patoka  River 

P-1 

0.0 

- 

17.5 

158 

P-2 

17.5 

- 

34.6 

479 

P-3 

34.6 

- 

54.8 

371 

P-4 

54.8 

- 

62.2 

57 

P-5 

62.2 

- 

81.1 

255 

P-6 

81.1 

- 

1C6.0 

233 

P-7 

1C6.0 

- 

118.3 

45 

Total  Patoka  River 

1,598 

Total  Wabash  River  and 

tributaries 

7,443 

Ohio  River 

0-1 

981.0 

- 

920.4 

159 

0-2 

920.4 

- 

848.O 

695 

Total  Ohio  River 

854 

(l)  1963  values:  Damages  are  residual  to  reservoir  ar.d  levee  projects 

existing,  under  construction,  or  in  advanced  planning  stage. 
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(6)  Irvtar.fi ible  damages.  Intangible  damages  caused  by  flood- 
ing, although  not  monetarily  evaluable,  are  of  considerable  importance 
in  the  area  studied  for  this  report.  Flooding  in  urban  areas  results 
in  evacuation  of  many  persons  and  subsequent  crowding  of  a large  number 
of  persons  into  emergency  quarters,  which  in  general,  lack  necessary- 
sanitary  facilities  ar.d  adequate  food  preparation  and  distribution 
equipment.  Family  units  become  disrupted  and  increased  anxiety  re- 
sults for  separated  members.  In  rural  areas  many  dwellings  are  located 
on  ridges,  knolls  and  piers,  which  become  isolated  during  medium  and 
high  stage  floods.  During  periods  of  inundation,  roads  become  impassi- 
ble, disrupting  transportation  and  other  normal  means  of  communication 
and  causing  delays  of  emergency  assistance  in  the  event  of  fire,  ill- 
ness or  other  calamity.  Depths  and  velocities  of  water  increase  hazards 
to  life.  Major  flooding  in  the  study  area  usually  occurs  in  winter 
months  and  is  generally  of  long  duration.  Exposure  and  hazards  to 
life  by  flooding  at  any  time  disrupts  normal  economic  and  social 
activities  of  the  surrounding  area  in  addition  to  the  inundated  area. 

16.  RECREATION  NEEDS. 

Each  of  the  three  proposed  reservoirs,  Lincoln,  Clifty  Creek  ar.d 
Patoka,  is  located  in  an  area  lacking  in  water  associated  recreational 
facilities.  Several  metropolitan  areas  are  found  in  the  vicinity  of 
each  reservoir,  from  which  large  annual  reservoir  visitations  may  be 
expected.  From  studies  and  estimates  made  by  the  Bureau  of  Outdoor 
Recreation  and  the  Fish  ar.d  Wildlife  Service,  it  is  concluded  that 
there  is  a great  need  for  both  general  and  fish  ar.d  wildlife  recrea- 
tion in  each  of  the  proposed  reservoir  areas.  Reports  of  these  agencies 
are  summarized  in  Section  X of  this  report. 

17.  WATER  SUPPLY  AND  WATER  QUALITY  CONTROL  NEEDS. 

The  U.  S.  Public  Health  Service  has  made  studies  concerning  water 
supply  and  water  quality  control  at  each  of  the  proposed  sites.  Con- 
clusions for  Lincoln  Reservoir  indicate  that  there  is  a present  need 
for  low  flow  augmentation  on  the  Embarrass  River  in  the  interest  of 
water  quality  control,  and  that  Charleston,  Illinois,  will  require 
additional  water  supply  in  the  future.  For  the  area  around  ar.d  below 
Clifty  Creek  Reservoir,  there  is  no  present  need  for  water  supply  or 
rater  quality  control,  but  future  needs  are  forecast.  Both  the 
U.  S.  Public  Health  Service  and  the  Indiana  Flood  Control  Commission 
indicate  there  is  a definite  need  for  water  supply  and  low  flow  augmen- 
tation do\/nstream  from  the  proposed  Patoka  Reservoir.  The  report  of 
the  U.  S.  Public  Health  Service  is  summarised  in  Section  X of  this 
report. 

13.  IRRIGATION. 

The  Soil  Conservation  Service  of  the  U.  S.  Department  of  Agricul- 
ture has  made  a preliminary  examination  of  needs  for  irrigation  of 
areas  in  the  vicinity  of  the  reservoirs  considered  in  this  report  which 
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could  be  served  by  the  reservoirs.  No  needs  are  forecast  below  the 
Lincoln  and  Patoka  projects.  However,  the  practice  of  irrigation  is 
growing  along  Clifty  Creek,  and  the  East  Fork  of  V.'hite  River  below 
Clifty  Creek  Reservoir  site  and  above  the  Bartholomew- Jackson  County 
line.  Future  water  supply  for  this  purpose  is  therefore  indicated. 

19.  EXISTING  CORPS  OF  ENGINEERS'  PROJECTS  IN  WABASH  RIVER  BASIN. 

a.  Projects,  completed,  under  construction,  partially  completed 
or  under  advance  planning. 


(1)  Reservoirs.  Six  flood  control  reservoirs  in  the  Wabash 
basin  fall  in  this  category.  Mansfield  Reservoir  located  on  Raccoon 
Creek,  a tributary  of  the  Wabash  River,  ar.d  Cagles  Mill  Reservoir 
located  on  Mill  Creek,  in  the  White  River  Basin,  are  the  only  reser- 
voirs completed.  Construction  of  Monroe  Reservoir  was  started  in 
November  I960  and  is  expected  to  be  completed  in  fiscal  year  1965. 
Mississinewa,  Salamonie  and  Huntington  Reservoirs  were  started  in 
fiscal  yeais  1962  and  1963  and  all  three  are  expected  to  be  completed 
by  fiscal  year  1968.  Pertinent  data  on  these  reservoir  projects  are 
given  in  table  7 and  their  locations  are  shown  on  plate  1, 

(2)  Local  protection  projects.  Seventeen  local  flood  pro- 
tection projects  are  in  this  class.  Seven  projects  are  complete, 
three  are  partially  complete,  two  are  under  construction.  On  two 
projects  pre-construction  planning  is  completed,  one  cr  which  is 
awaiting  acquisition  of  rights-of-way  and  or.e  assurance  of  local 
cooperation.  The  remaining  three  projects  are  in  the  advance 
planning  stage.  Pertinent  data  for  these  projects  are  given  in 
table  7,  and  their  locations  are  shown  on  plate  1. 

b.  Projects  authorized  but  not  started.  In  addition  to  the 
projects  mentioned  in  the  previous  paragraph,  construction  of  local 
flood  protection  projects  are  authorized  at  33  other  localities  in 
the  Wabash  River  Basin.  Twenty-five  of  these  projects  are  for  the 
protection  of  rural  areas,  seven  are  for  the  protection  of  urban 
areas  and  one  project  is  for  both  rural  ar.d  urban  protection. 

These  projects  are  listed  in  table  G ar.d  their  locations  shown  on 
plate  1.  This  effect  upon  these  projects  is  recognized  in  the 
benefit  analysis  contained  herein.  Studies  of  these  local  protec- 
tion projects  and  recommendations  for  their  disposition  will  be 
made,  along  v/ith  all  other  local  protection  projects,  in  the  final 
Wabash  River  Basin  Comprehensive  Report.  No  project  for  flood  con- 
trol or  allied  purposes  for  which  the  Corps  of  Engineers  is  responsi- 
ble, has  been  funded  by  Congress  for  construction  within  the 
Embarrass  River,  Clifty  Creek  or  Patoka  River  basins. 
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CORPS  OF  ENGINEERS'  FLOOD  CONTROL  PROJECTS  COMPLETED,  UNDER 
CONSTRUCTION  OR  IN  ADVANCED  PLANNING  IN  WABASH  RIVER  BASIN 
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TABLE  7 ( Cont ' d ) 


LOCAL  PROTECTION  PROJECTS 


Total  (1) 


Name 

Location 

Area 

protected 
(acres ) 

Status 
(end  cf 
F.Y.  63) 

project 

cost 

(est.date) 

COMPLETED  PROJECTS 

Mew  Harmony 
Bridge  Bank 
Protection, 
Wabash  River 
111.  & Ind. 

New  Harmony, 
Indiana  and 
White  Co.,  Ill 

Highway  Bridge 

Completed  in 
Feb  1953 

7751,000 

(1963) 

Levee  Unit  8 
White  River 
Indiana 

Left  bank  in 
Daviess  Co. 

13,400 

rural 

Completed  in 
Nov.  1949 

7850,534 
(Est. Actual) 

Gill  Township 
Levee ; Wabash 
River,  Ind. 

Left  bank  in 
Sullivan  Co. 

12,000 

rural 

Completed  in 
1947 

7579,200 
(Est. Actual ) 

Ilford  Levee 
Wabash  River 
Indiana 

Left  bank  in 
Parke  County 

3,500 

rural 

Completed  in 
Nov.  1943 

7286,900 
(Est. Actual ) 

Delphi,  Ir.d. 
Levee • Wabash 

R. 

Left  bank  in 
Carroll  Co. 

City  of  Delphi 
Urban 

Completed  in 
Aug.  1951 

7154,600 

(1963) 

Muncie,  Ir.d. 
White  River, 
Indiana 

Eoth  banks  in 
Delaware  Co. 

City  of  buncie, 

Ind. 

Urban 

Completed 
May  1950 

7990,835 
(Est. Actual ) 

Portland,  Ir.d. 
Channel  Im- 
provement 
Salamonie  R. 

Joy  Co.,  Ind. 
at  ar.d  down- 
stream of 
Portland,  Ir.d. 

City  of 
Portland 

Completed 
Aug.  1961 

7 97,150(2) 

PARTIALLY  CCNPL 

.ETED  PROJECTS 

Brevoort  I.evee 
Wabash  & White 
Rivers,  Ind. 

Left  bank 
Wabash  R. 
Right  bank 
White  R.  Knox 
Co.,  Ind. 

50,000 

rural 

Project  67 % 
completed  in 
Sep.  1947 

72, 520,000 
(1963) 

Indianapolis , 
Ind.,  Fall  Cr. 

Both  banks  in 
Marion  County 

urban 

Partial  proj- 
ect completed 

7n,6co,cco 

(1960) 

and  Warf Leigh 
Sections  ;V.hits  R. 
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TABLE  7 ( Coat'd) 


Name 

Location 

Area 

protected 
(acres ) 

Total 

Status  project 

(end  of  cost 

F.Y.  63)  (est.date) 

Vincennes,  Ind. 

Left  bank  in 

Vincennes, Ind. 

65$  of  proj-  35,205,000 

Wabash  R.,Ind. 
PROJECTS  UNDER 

City  of 

Vincennes , Knox 
County 

CONSTRUCTION 

urban 

ect  completed  (1963) 
at  end  of 
F.Y.  '63 

Levee  Unit  5 

Left  bank  of 

44,0CO  rural 

First  con-  89,213,000 

Wabash, Patoka 

the  Wabash  R. 

and  towns  of 

tract  awarded,  (1963) 

and  Black  R. , 

in  Gibson  and 

Lyles, Shelton 

Const . not 

Indiana 

Posey  Counties 

& Griffin 

started 

Mason  J. 

Left  bank  in 

15,620 

Section  I com-$l, 990, COO 

Niblack  Levee, 

Sullivan  and 

rural 

pleted  Apr  (1963) 

Wabash  R. , Ir.d. 

Knox  Counties 

1963  Section 
II  15$  complete 

''ROJECTS  UNDFR  ADVANCE  PLANNING 

Rochester  and 

Right  bank  in 

5,060 

General  design  41,322,000 

McClearys  Bluff 
Levee ; Wabash 
R. , Illinois 

Wabash  Co., Ill, 

, rural 

memorandum  75$  (1963) 

complete 

Mt.  Carmel 

Right  bank  in 

380  rural 

General  design  81,613,000 

Levee,  Wabash 

Wabash  County 

160  industrial 

memorandum  75$  (1963) 

R. , Illinois 

and  semi-urban 

complete 

Tri-Por.d  Levee 

Right  bank  in 

4,960 

General  design  81,357,000 

Wabash  R.,  111. 

Crawford  Co. 

rural 

memorandum  75$  (1963) 

complete 

Terre  Haute 

Left  bank  in 

110 

Advanced  ping.  8 9,000 

Indiana ; 

Wabash  R. 

Vigo  County 

urban 

completed  (1960) 

awaiting  as- 
surance of 
local  coopera- 
tion 

West  Terre 

Right  bank  in 

410 

Advanced  ping.  ^ 825,000 

Haute,  Wabash 

R. 

Vigo  County 

urban 

completed  a-  (1963) 

waiting  fur- 
nishing of  nec- 
essary rights- 
of-way 

(1)  Includes  Federal  and  non-Fedcral  cost". 

(2)  Actual  Federal  cost  only. 
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TABLE  8 


FEDERAL  FLCCD  PROJECTS  AUTHORIZED  BUT  NOT  STARTED 
IN  WABASH  RIVER  BASIN  - (APPROXIMATE  LISTING 
ACCORDING  TO  RIVER  MILE  DISTANCE  OF  PROJECT 
ABOVE  MOUTH  OF  WABASH  RIVER) 


Name 

Location 

Area 

protected 
(acres ) 

Year  of 
authoriz- 
ing act 

Estimated 
cost  of 
protection 
(latest) 

Levee  Unit  1 
Wabash  River 
Illinois 

Right  bank  in 
Gallatin  Co. 

23,400 

rural 

1936 

v 4,526,000 
(1960) 

Levee  Unit  2 
Wabash  River 
Indiana 

Left  bank  in 
Posey  Co. 

25,4C0 

rural 

1936 

4,088,000 

(1960) 

Levee  Unit  3 
and  4,  Wabash 
River,  Illinois 

Right  bank  in 
White  County 

49,600 

rural 

1936 

9,635,000 

(1963) 

New  Harmony 
Wabash  River 
Indiana 

Left  bank  New 
Harmony 

Urban 

protection 

1946 

641,000 

(1954) 

Bonpas  Ci’eek 
Illinois 

Channel  improve- 
ment, Edwards  Co 

rural 

1946 

1,012,000 

(1963) 

Levee  Unit  1 
Little  Wabash  R. 
Illinois 

Right  bank  in 
Wayne,  White  and 
Edwards  Counties 

18,000 

rural 

1946 

3,014,000 

(1961) 

Levee  Unit  2 
Little  Wabash  R. 
Illinois 

Left  bank  in 
Wayne  County 

7,360 

rural 

1946 

2,028,000 

(1963) 

Levee  Unit  17 
White  and  Patoka 
Rs . Indiana 

Left  bank 
White  River 
Gibson  County 

rural 

1946 

961,000 

(1963) 

Levee  Unit  1 
White  River 
Indiana 

Left  bank  White 
River  Pike  Co. 

rural 

1946 

2,296,000 

(1961) 

England  Pond 
Wabash  R and 

Right  bank  in 
Lawrence  County 

6,370 

rural 

1946 

812,000 

(1963) 

Fmbarass  R 
Illinois 


? ! 


r 


Name 

Location 

TABLE  3 
(Cont ’d) 

Area 

protected 
(acres ) 

Year  of 
authoriz- 
ing act 

Estimated 
cost  of 
protection 
(latest) 

Russell  and 
Allison  Levees, 
Wabash  R. , 111 . 

Right  tank  in 
Laurence  Co. 

33,000 

rural 

1938 

$ 7,365,000 
(1960) 

Levee  Unit  7 
White  River 
Indiana 

Right  bank  in 
Knox  County 

rural 

1946 

1,578,000 

(1961) 

Shufflebarger 
Levee,  White 
River  Indiana 

Left  bank  in 
Greene  and 
Davies  Cos. 

urban 

protection 

1946 

2,470,000 

(1958) 

McGinnis  White 
River  Indiana 

Left  bank  White  rural 
River,  Greene 
and  Knox  Cos. 

1946 

1,924,000 

(1954) 

Shoals , Ind . 
Levee 

Martin  Co. 
East  Fork, 
White  River 

urban 

protection 

1936 

572,000 

(1954) 

Orleans , 

Indiana 

(Channel  excava- 
tion from  sink 
holes ) 

Orange  Co.  Los 
River  White 
River  Basin 

t urban 

protection 

1950 

612,000 

(1957) 

Island  Levee, 
Wabash  River, 
Indiana 

left  bonk  in 
Sullivan  Co. 

5,3CO 

rural 

1946 

2,019,000 

(1965) 

Levee  Unit  6 
Wabash  River, 
Illinois 

Right  bank  in 
Clark  County 

6,7C0 

rural 

1938 

1,216,000 

(1954) 

Greenfield 
Bayou  Levee, 
Wabash  River 
Indiana  (1) 

Left  bank  in 
Vigo  County 

11,400 

rural 

1946 

2,442,000 

(I960) 

Levee  Unit  1, 

Eel  River,  Ind. 
White  River  Basin 

Right  bank  in 
Clay  & Greene 
Counties 

rural 

1946 

491,000 

(1960) 

(1)  Feasibility  study  in  process 
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TABLE  S 
(Cont  'd) 


Name 

Location 

Area 

protected 

(acres) 

Year  of 
authoris- 
ing act 

Estimated 
cost  of 
protection 
(latest) 

Levee  Unit  2 
Eel  River, 
Indiana 

White  R.  Basin 

Left  bank  in 
Clay  Co.  along 
Connelly  Ditch 

rural 

1946 

$ 2,805,000 
(1954) 

Levee  Unit  2 
East  Fork, 
White  R. , Ind. 

Right  bank  in 
Jackson  Co. 

rural 

1946 

797,000 

(1961) 

Levee  Unit  3 
E.  Fork,  White 
R. , Indiana 

Right  bank  in 
Jackson  and 
Bartholomew 

rural 

1946 

3,838,000 

(1961) 

Honey  Creek 
Levee,  Wabash 
R. , Indiana 

Left  bank  in 
Vigo  County 

1,520 

rural 

1938 

685,000 

(1954) 

Sugar  Creek 
Levee,  Wabash 
River  Indiana 

Right  bank  in 
Vigo  County 

1,500 

rural 

1938 

447,000 

(1960) 

Levee  Unit  9 
White  R.,  Ind. 

Right  bank  in 
Greene  Co. 

rural 

1936 

30,000 

(1957) 

Levee  Unit  10 
White  and  Eel 
Ri vers , Ind . 

Right  bank  in 
Greene  Co. 

urban 

rural 

1936 

201,000 

(1957) 

Clinton,  Indiana 
Wabash  River 

Right  bank  in 
Vermillion  Co. 

urban 

1938 

86,000 

(1954) 

Raccoon  Levee 
Wabash  River 
Indiana 

Left  bank  in 
Parke  Co. 

1,000 

rural 

1946 

463,000 

(1960) 

Adams  Levee 
Wabash  R.,Ind. 

Left  bank  in 
Parke  Co. 

1,260 

rural 

1938 

306,000 

(1960) 

Fletcher  ar.d 
Sunshine  Gardens 
Levee  White  R. , 
Indiana 

Left  bank  in 
Marion  Co. 

urban 

1946 

574,000 

(1960) 
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TABLE  8 
(Cont'd) 


Name 


Anderson,  Ind. 
V/hite  River 

Deer  Creek 
Prairie  Levee 
Y/atash  River, 
Indiana 


Estimated 

Area 

Year  of 

cost  of 

protected 

autj  priz- 

protection 

Location 

(acres) 

ing  act 

(latest) 

Right  bank  in 

City  of 

1936 

$ 578,000 

Madison  Co. 

Anderson 

(1954) 

Right  bank  in 

1,730 

1938 

223,000 

Carroll  and 

Tippecanoe 

Counties 

rural 

(1960) 

J 
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20. 


IMPROVEMENTS  BY  OTHER  FEDERAL  AND  NON- FEDERAL  AGENCIES 


a.  Projects  by  other  Federal  Agencies.  The  Watershed  Protection 
and  Flood  Prevention  program  (authorised  by  Federal  Public  Lav;  566) 

in  the  Wabash  River  basin  includes  a total  of  56  projects.  This  program 
is  administered  by  the  Soil  Conservation  Service,  U.  S.  Department  of 
Agriculture.  At  the  end  of  fiscal  year  1963,  there  were  11  projects 
in  the  Wabash  River  basin;  one  of  which  is  completed,  five  are  under 
construction,  and  five  are  authorized  but  not  started.  In  addition, 

45  potential  projects  have  been  identified,  but  not  authorized.  The 
only  S.C.S.  project  under  construction  in  the  reservoir  basins  considered 
in  this  report  is  the  Scattering  Fork  project  in  the  Embarrass  Basin. 

There  will  be  no  significant  conflict  between  this  project  and  the 
Lincoln  Reservoir  project. 

b.  Improvements  by  non-Federal  Agencies. 

(1)  Flood  control.  Numerous  levees  and  channel  improvements 
offering  varying  degrees  of  flood  protection  have  been  constructed  by 
non-Federal  interests  in  the  Wabash  River  Basin.  A description  of  these 
projects  is  included  in  H.  D.  No.  197,  80th  Congress,  1st  Session. 
Non-Federal  flood  control  improvements  since  the  preparation  date  of 

H.  D.  197  (1944)  are  of  minor  significance.  These  improvements  consist 
of  low-height  temporary  diking  constructed  on  private  lands  by  private 
interests  mainly  for  crop  protection  from  frequent  low-stage  floods 
occurring  during  the  crop  growing  season.  There  are  no  non-Federal 
flood  control  projects  in  the  Clifty  Creek  Basin.  In  the  Embarrass 
River  Basin,  there  are  eight  locally  constructed  projects,  all  below 
the  proposed  reservoir  site.  In  the  Patoka  River  Basin,  there  is  only 
one  significant  local  flood  control  project  below  the  reservoir  site. 

The  existence  of  these  levees  is  recognized  in  the  benefit  analyses 
contained  herein. 

(2)  Recreation  areas.  There  are  two  state  parks  in  the  imme- 
diate vicinity  of  the  Lincoln  Reservoir  site,  Embarrass  River.  They 
are  Lincoln  Log  Cabin  State  Park  ar.d  Fox  Ridge  State  Park,  emcompaoeing 
86  acres  and  783  acres  of  wooded  land,  respectively.  Both  parks  have 
picnicking  and  camping  facilities.  The  locations  of  these  parks  arc 
shown  on  plate  2.  There  are  no  state  park  facilities  in  the  vicinity 
of  Clifty  Creek  or  I’atoka  Reservoirs. 

21.  B.TROVEMENTS  DESIRED. 

a.  Records  of  : utlic  hearing'-.  Records  of  public  hearings  held 
in  connection  with  the  projects  presented  in  this  report  are  summarised 
in  the  following  paragraphs. 

b.  Lincoln  Reservoir.  On  25  January  1962  a public  hearing  was 
held  in  Greenup,  Illinois,  for  the  purpose  of  securing  the  views  and 
desires  of  local  interests  concerning  measures  which  should  be  adopted 
for  flood  control  and  allied  purposes  on  the  Embarrass  River  and 
tributaries,  Illinois.  This  hearing  indicated  support  for  a comprehensive 
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study  of  the  basin  and  formulation  of  a comprehensive  plan  for  develop- 
ment of  its  water  and  land  resources . Studies  of  the  basin  were  ac- 
cordingly continued  and  Lincoln  Reservoir,  as  proposed  in  this  report, 
would  be  an  initial  element  of  a comprehensive  plan  of  development. 

On  10  December  1963  a public  hearing  was  held  in  Charleston, 
Illinois,  to  inform  all  concerned  of  the  purposes,  physical  features 
and  general  economic  aspects  of  Lincoln  Reservoir  and  to  obtain 
information  which  would  be  helpful  in  the  formulation  of  final  plans 
and  recommendations  for  this  project  for  this  report.  Approximately 
2,000  persons  attended  including  Federal,  State,  county  and  city 
officials  and  citizens  of  rural  and  urban  areas.  Testimony  of  Govern- 
ment officials  and  Members  of  Congress  was  uniformly  in  favor  of  the 
project  on  the  basis  of  its  potential  accomplishments  for  flood  con- 
trol, water  quality  control,  water  supply,  ar.d  recreation;  and  as  a 
general  stimulant  to  the  local  economy.  The  majority  of  individuals 
and  local  organisations  were  likewise  in  favor  of  the  project. 

Opponents  were  generally  landowners  in  the  reservoir  area,  landowners 
adjacent  to  the  l-eoervoir  in  its  upper  reaches  who  feared  impaired 
drainage  of  their  lands,  and  persons  concerned  about  removal  of  reser- 
voir lands  from  tax  rolls.  The  preponderance  of  opinion  was  in  favor 
of  the  project  as  proposed  herein. 

c.  Clifty  Creek.  On  18  September  1962  a public  hearing  was  held 
at  Bedford,  Indiana,  to  secure  views  and  desires  of  local  interests 
with  respect  to  possible  improvements  of  the  East  Fork  of  the  White 
River  and  its  tributaries,  in  Indiana,  in  the  interest  of  flood  con- 
trol and  water  resource  development.  Clifty  Creek  reservoir  -would  be 
in  the  area  considered  but  no  project  was  presented  at  the  hearing 
and  no  specific  comments  were  received  relating  to  improvement  of 
Clifty  Creek.  Formulation  of  the  Clifty  Creek  Reservoir  proposal 
followed  this  hearing. 

On  11  December  1963  a public  hearing  was  held  in  Columbus, 

Indiana,  to  inform  all  concerned  of  the  purposes,  physical  features 
and  general  economic  aspects  of  Clifty  Creek  Reservoir  as  presented 
herein,  and  to  obtain  information  which  would  be  helpful  in  the 
formulation  of  final  plans  ar.d  recommendations  for  this  project  for 
this  report.  Approximately  500  persons  attended  including  Federal, 
State,  county  and  city  officials  ar.d  citizens  of  rural  and  urban 
areas  in  the  vicinity.  Testimony  was  predominantly  in  favor  of  the 
project  with  principal  objectors  being  landowners  who  would  be  dis- 
placed by  the  reservoir.  Representatives  of  the  City  of  Columbus 
and  the  State  of  Indiana  pointed  out  the  possible  future  need  for 
utilization  of  storage  space  in  the  reservoir  for  water  quality 
control  ar.d  water  supply.  The  project  as  presented,  due  to  limited 
storage  capability,  was  based  on  flood  control  storage  only,  and 
recreTi/ion  benefits  associated  therewith. 


d.  Patoka.  On  26  August  1962  a public  hearing  was  held  in 
Jasper,  Indiana,  for  the  purpose  of  securing  the  views  and  desires 
of  local  interests  concerning  measures  which  could  be  adopted  for 
flood  control  and  allied  purposes  on  the  Patoka  River  and  tributaries 
in  southwestern  Indiana.  At  this  time  Patoka  Reservoir  site  was  under 
study.  Testimony  at  the  hearing  included  proponents  and  opponents  to 
a major  reservoir  at  this  location.  Nature  of  interest  displayed  was 
such  that  study  of  the  project  was  continued. 

On  12  December  1963  a public  hearing  was  held  at  Jasper,  Indiana, 
to  inform  all  concerned  of  the  purposes,  physical  features,  and 
general  economic  aspects  of  Patoka  Reservoir,  and  to  obtain  information 
which  would  be  helpful  in  formulation  of  final  plans  and  recommendations 
for  this  project  for  this  report.  Approximately  900  persons  attended 
including  Federal,  State,  county  ar.d  city  officials  and  citizens  of 
rural  and  urban  areas  in  the  vicinity.  Testimony  of  Members  of  Congress, 
Government  officials,  and  representatives  of  a majority  of  individuals 
was  in  support  of  the  project  in  recognition  of  its  potential  flood  con- 
trol, conservation,  and  recreation  accomplishments.  Principal 
opponents  were  landowners  in  the  potential  reservoir  are£.  The  pre- 
ponderance of  opinion  was  in  favor  of  the  project. 
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SECT  ion  V - SIMMY  OF  WATER  RESOURCES  PROBLEMS  AND  SOLUTIONS  CONSIDERED 


22.  FLOOD  PROBLEMS. 

Flcod  flows  arising  in  the  upper  basins  of  Embarrass  River,  Clifty 
Creek  and  Patoka  River  contribute  to  flood  damages  in  downstream  flood 
plains.  Large  areas  of  agricultural  lands  in  the  flood  plains  are  sub- 
ject to  frequent  flooding  resulting  in  damages  to  crops,  soil,  livestock 
and  other  damages  common  to  rural  areas.  A number  of  urban  ar.d  semiurban 
areas  in  the  flood  plains  have  inadequate  or  no  flood  protection.  I. 'any 
business,  industrial  and  small  manufacturing  concerns,  public  buildings, 
residences  and  other  improvements  are  located  in  these  high  damage  areas. 
Extensive  railroad,  highway  and  utility  systems  experience  flood  damage, 
Flcod  damages  are  reduced  to  some  extent  by  the  operation  of  completed 
projects  and  the  projects  now  under  construction  will  further  alleviate 
flooding.  Despite  these  improvements,  recurrence  of  major  floods  will 
continue  to  cause  vast  and  widespread  damages  in  the  Wabash  Basin. 

23.  WATER  SUPPLY  AND  WATER  QUALITY  CONTROL. 

Water  supply  and  water  quality  control  needs  in  the  vicinities  of 
the  projects  considered  in  this  report  have  teen  studied  by  the  U.  S. 
Fublic  Health  Service,  a cooperating  agency  for  the  Wabash  River  Basin 
Comprehensive  Study.  Their  reports,  included  in  Appendix  F,  Exhibit 
F-6,  consider  needs  for  an  early  future  date,  and  needs  for  the  year 
2010.  Preliminary  estimates  of  minimum  flow  requirements  to  meet  these 
needs  are  expressed  therein  in  ranges  of  flow  applicable  to  given 
points.  Considering  these  specified  flows  and  other  factors  such  as 
site  storage  capabilities,  expressions  of  local  interests  with  regard 
to  reimbursable  storage  allocations,  and  uncertainty  of  future  esti- 
mates, provisions  for  storage  for  water  quality  control  and  water 
supply  have  been  made  for  projects  in  this  report  as  follows: 

a.  Lincoln  Reservoir.  Public  Health  Service  studies  indicate  a 
need  for  downstream  low  flow  augmentation  in  the  interest  of  water 
quality  control  and  future  water  supply.  A storage  allocation  of 
5,300  acre-feet,  capable  of  sustaining  a minimum  withdrawal  of  25 
cubic  feet  per  second  from  the  reservoir  is  included  in  the  reservoir 
plan  to  meet  downstream  low  flow  augmentation  requirements  and  to  pro- 
vide 10  cubic  feet  per  second  water  supply  need  for  the  City  of 
Charleston,  Illinois.  The  City  of  Charleston  has  indicated  its 
willingness  to  reimburse  the  Government  for  future  water  supply  coots. 
With  the  large  minimum  pool  necessary  for  this  project,  additional 
future  needs  can  be  met  by  minor  adjustment  of  the  initial  minimum  or 
conservation  pool  levels . 

b.  Clifty  Creek  Reservoir.  No  present  water  supply  or  water 
quality  needs  are  evident.  However,  there  in  an  estimated  future 
need  for  maintenance  of  minimum  flow  of  20  cubic  feet  per  second  in 
Clifty  Creek.  Such  need  is  based  on  future  construction  of  a sewage 
disposal  plant  on  Clifty  Creek  and  dilution  volume  necessary  to  pro- 
vide adequate  water  quality  for  water  supply  needs  on  the  East  Fori: 
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V/hite  River.  Due  to  limited  storage  capability,  the  present  project 
plan  does  not  include  conservation  storage  but  future  allocation  of 
storage  thereto  may  be  practicable  depending  on  future  value  of  storage 
or  future  development  of  additional  flood  control  storage  in  the  vicinity 
to  replace  storage  at  Clifty  Creek  Reservoir. 

c.  Patoka  Reservoir.  The  maximum  practicable  conservation  pool  for 
Fatoka  Reservoir  would  be  from  the  minimum  pool  at  El.  506  to  El.  536 
and  would  provide  a storage  of  167,500  acre-feet  for  downstream  low  flow 
augmentation  in  the  interest  of  water  supply  and  water  quality  control. 
This  storage  is  sufficient  to  sustain  a continuous  withdrawal  of  190 
cubic  feet  per  second  from  the  reservoir.  The  U.  S.  Public  Health 
Service  estimates  that  a minimum  flow  of  60  cubic  feet  per  second  will 
be  required  for  water  quality  control  and  that  an  additional  0.4  cubic 
feet  per  second  will  be  required  at  Jasper  by  the  year  2010.  The  Public 
Health  Service  has  also  indicated  that  additional  studies  may  verify  a 
need  for  a minimum  flow  of  125  to  2C0  cubic  feet  per  second  at  Princeton 
to  provide  an  acceptable  raw  water  supply  for  Princeton. 

The  State  of  Indiana  has  requested  that  conservation  storage  in 
Patoka  Reservoir  be  developed  to  the  maximum  practicable  limit  and  has 
expressed  the  desire  to  acquire  rights  to  the  available  water  supply 
storage  in  accordance  with  the  1955  Water  Supply  Act  as  amended. 

To  meet  Public  Health  Service 's  requirements  for  water  quality  con- 
trol, storage  sufficient  to  sustain  a minimum  reservoir  release  of  65 
cubic  feet  per  second  has  been  allocated  to  water  quality  control.  The 
remainder  of  the  conservation  pool  storage,  capable  of  providing  an  addi- 
tional  130  cubic  feet  per  second  minimum  release  concurrent  with  water 
quality  control  releases,  will  be  purchased  by  the  State  of  Indiana. 

24.  GENERAL  RECREATION. 

The  Bureau  of  Outdoor  Recreation  has  studied  the  recreation  poten- 
tial associated  with  the  three  reservoirs  presented  herein.  Their  re- 
ports, included  in  Appendix  F,  analyze  present  recreation  demands  and 
projects  demands  to  the  year  20C0.  For  each  area  an  important  present 
demand  for  water-associated  recreation  opportunities  exists,  and  a 
greatly  increased  future  demand,  commensurate  with  future  population 
growth,  is  foreseen.  To  best  satisfy  these  potential  demands  the  maxi- 
mum practicable  pool  size  is  desirable  during  the  summer  months.  Accord- 
ingly, based  on  engineering  analyses,  the  minimum  pcol  level  would  be 
maintained  to  the  extent  possible  during  the  period  1 December  to  1 April 
when  floods  are  most  frequent  and  of  greatest  volume,  and  a somewhat 
higher  seasonal  pool  would  be  planned  for  the  recreation  season,  1 liny 
to  about  1 September,  when  the  flood  risk  is  less.  The  seasonal  pools 
proposed  herein  for  Lincoln  and  Clifty  Creek  reservoirs  will  be  completely 
filled  about  3 years  out  of  four  and  hence  provide  good  recreation 
opportunities.  The  conservation  pool  proposed  for  Patoka  Reservoir 
would  be  maintained,  on  the  average,  for  90  percent  of  the  time  during 
the  recreation  season. 
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25.  FISH  AND  WILDLIFE  RECREATION. 


Information  on  the  needs  for  development  of  the  fish  and  wild- 
life recreation  opportunities  of  the  potential  reservoirs  considered 
in  this  report  are  included  in  separate  reports  from  the  U.  S.  Fish 
and  Wildlife  Service  which  are  contained  in  Appendix  F.  In  each  case 
the  projects  would  improve  the  local  fishery  by  provision  of  a large 
lake,  and  by  provision  of  a fish  attraction  area  in  the  vicinity  of 
the  reservoir  outlet  works  stilling  basin.  In  each  case,  also,  exist- 
ing farm  game  wildlife  habitat  will  be  affected.  In  the  cases  of 
Lincoln  and  Clifty  Creek  reservoirs  these  effects  would  not  be  signifi- 
cant. In  the  case  of  Patoka  reservoir  some  damage  to  the  upland  game 
resource  may  occur,  but  will  be  largely  offset  by  increased  waterfowl 
hunting.  Costs  for  mitigation  of  the  overall  loss  incurred,  as  dis- 
cussed in  Section  X,  are  considered  to  be  excessive  and  mitigation 
measures  are  not  proposed. 

26 , IRRIGAT ION , 

The  Soil  Conservation  Service  of  the  Department  of  Agriculture 
in  their  preliminary  reports  contained  in  Appendix  F foresees  r.o 
irrigation  needs  below  the  projects  herein  with  the  exception  of  Clifty 
Creek  Reservoir.  Inasmuch  as  the  storage  capability  of  this  site  is 
limited,  no  present  storage  allocation  for  this  purpose  is  proposed. 

This  will  not  preclude  future  allocation  of  storage  for  this  purpose 
dependent  on  the  following  factors:  (a)  development  of  definite  demand 

and  repayment  ability,  (b)  value  of  storage  as  compared  to  flood  con- 
trol, water  supply,  and  water  quality  control  use,  and  (c)  development 
of  additional  flood  control  storage  in  the  project  vicinity. 

27.  HYDRO-ELECTRIC  POWER. 

With  a rapidly  increasing  demand  for  power,  hydroelectric  power 
generation  at  the  projects  considered  in  this  report  would  be  desirable. 
Possibilities  in  this  regard  have  been  examined  by  the  Federal  Power 
Commission  and  their  reports  thereon  are  contained  in  Appendix  F. 
Conclusions  of  those  reports  are  that  power  installations  at  the  proj- 
ects would  not  be  economically  feasible.  It  is  pointed  out,  however, 
that  these  conclusions  should  be  reviewed  in  more  detail  if  construc- 
tion of  any  of  the  projects  is  undertaken. 

2G.  RESERVOIR  SITES  CONSIDERED. 

a.  Lincoln  Reservoir.  Since  about  1930,  reservoir  development  on 
the  Embarrass  River  has  been  considered  in  connection  with  the  "30o 
Report",  H.  D.  No.  197,  ROth  Congress,  ar.d  detailed  studies  for  the 
'■olf  Creek  Reservoir  project  which  was  authorized  by  the  Flood  Control 
Act  of  1930  and  deauthorizcd  by  the  Flood  Control  Act  of  1940.  A review 
of  these  studies,  along  with  consi  oration  of  changes  in  conditions  which 
have  occurred  during  the  intervening  period,  resulted  in  the  selection  of 
a reservoir  with  a dam  cite  103  miles  above  the  mouth  of  the  stream. 
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This  site  is  considered  as  having  the  greatest  merit  from  the  standpoint 
of  physical  storage  capability,  large  area  benefited  and  low  costs  of 
development. 


b.  Clifty  Creek  Reservoir.  This  reservoir  would  control  I4O  square 
miles  of  the  2C0-square  mile  drainage  area  of  Clifty  Creek.  It  is  con- 
sidered to  be  the  best  potential  reservoir  site  in  the  East  Fork  White 
River  Basin,  where  needs  for  water  resource  development  are  great  and 
storage  potentials  are  restricted  by  cavernous  limestone  foundations  in 
some  areas,  and  lack  of  stream  entrenchment  in  others. 

c.  Patoka  Reservoir.  This  site  is  supported  by  the  Indiana  Flood 
Control  and  Water  Resources  Commission  as  a major  element  for  control 
of  Patoka  River.  Although  located  near  the  head  of  the  Patoka  River 
Basin,  which  is  long  and  narrow,  and  thin'  not  affording  optimum  drainage 
area  control,  the  flood  plain  is  so  wide  downstream,  and  tributaries  so 
short  and  steep,  that  development  of  equivalent  storage  at  alternate 
locations  would  be  more  costly  than  the  plan  presented  herein. 

d.  General  Considerations.  The  projects  selected  for  presentation 
in  this  interim  report  are  those  for  which  adequate  data  are  available, 
in  advance  of  completion  of  the  Wabash  River  Basin  Comprehensive  Study, 
to  support  recommendations  for  project  authorization  and  to  assure  com- 
putability with  any  comprehensive  plan  for  basin  development.  As  shown 
in  table  14  of  this  report,  all  projects  and  all  purposes  recommended 
are  economically  justified  by  wide  margins.  As  to  computability  with 
the  optimum  comprehensive  plan,  Lincoln  and  patoka  Reservoir  sites  are 
the  most  efficient  storage  sites  in  the  Embarrass  and  Patoka  River 
Basins,  are  primarily  justified  by  benefits  within  these  basins,  and 
are  thus  necessary  elements  of  any  comprehensive  plan.  In  the  case  of 
Clifty  Creek,  the  proposed  reservoir  will  only  provide  for  a small  part 
of  indicated  flood  control  and  conservation  storage  needs  and  will  not 
preclude  development  of  any  other  potentials  in  the  area.  It,  therefore, 
is  also  a desirable  element  of  any  comprehensive  basin  plan. 

SECTION  VI  - RESERVOIR  PLANS 
29.  DEVELOPMENT  OF  RESERVOIR  PLANS. 

a.  General.  Studies  made  for  this  report  were  limited  to  the 

development  of  reservoir  projects  in  the  Embarrass  River,  Clifty  Creek 
and  Patoka  River  basins.  These  reservoirs  are:  Lincoln  Reservoir  on 

Embarrass  River,  Clifty  Creek  Reservoir  on  Clifty  Creek  and  Patoka 
Reservoir  on  Patoka  River.  The  locations  of  these  reservoirs  are  shown 
on  plate  1.  Area  and  capacity  curves,  reservoir  maps,  and  p?.ans  and 
sections  of  structures  for  the  reservoir  projects  are  shown  on  plates 

2 through  7. 

b.  Development  of  projects.  The  development  of  reservoir  projects 
reported  herein  follows,  within  practical  limits,  the  objectives  of  (1) 
selection  of  projects  which  would  best  meet  the  present  and  near  future 
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needs  of  the  has in,  (2)  selection  of  the  most  economical  projects  to 
f'ill  the  basin  needs,  and  (3)  selection  of  projects  having  an  optimum 
level  of  development  as  indicated  by  the  greatest  excess  of  benefits 
over  costs.  In  connection  with  the  latter  criterion,  however,  control 
of  the  maximum  flood  of  record,  where  possible,  is  considered  to  bo  an 
objective  warranting  detailed  consideration  in  view  of  the  urban  develop- 
ment and  future  growth  anticipated  downstream  from  the  reservoir.  Like- 
wise, in  view  of  the  limited  potential  for  reservoir  storage  in  the 
V/abash  River  Basin,  maximum  storage  development  consistent  with  physical 
capability  of  reservoir  sites  and  water  supply  controlled,  is  a desirable 
objective.  This  latter  consideration  is  generally  compatible  with  de- 
sires of  States  concerned  and  with  the  objectives  of  comprehensive 
planning  for  the  V/abash  Basin.  Additional  information  on  formulation 
of  individual  projects  for  this  report  is  contained  in  Section  VII. 

30.  DESCRIPTION  OF  PROJECTS. 

a.  Lincoln  Reservoir. 

(1)  General.  The  site  of  the  Lincoln  Reservoir  project  is 
located  in  Cumberland,  Coles  and  Douglas  Counties,  Illinois,  on  the 
Embarrass  River,  a tributary  of  the  V/abash  River.  The  dam  site  is 
approximately  103  miles  above  the  mouth  of  the  stream  and  about  0.3 
mile  south  of  the  Coles -Cumberland  County  line.  The  project  is  pro- 
posed for  a multiple-purpose  development  to  include  flood  control, 
general  recreation,  fish  and  wildlife  recreation  and  water  supply  and 
water  quality  control.  The  dam  site  is  situated  in  the  general  reach 
which  was  previously  studied  in  the  middle  1940's  in  connection  with 
advanced  engineering  and  design  for  the  Copper  Cave  project,  an  alternate 
to  the  V/olf  Creek  project,  which  woe  deauthorized  by  the  1946  Flood  Con- 
trol Act.  The  Lincoln  site  was  selected  because  of  more  favorable 
geological  cor.ditions  indicated  by  more  extensive  investigations:  see 
Appendix  E.  Foundation  investigations  of  the  project  site  indicate 
bedrock  consisting  of  soft  friable  weathered  sandstone,  with  glacial 
till  deposits  above,  containing  random  sar.d  lenses.  The  dam  would  be 
a rolled  earth  embankment  with  a crest  30  feet  wide,  2,400  feet  long 
at  elevation  648,  and  a maximum  height  of  110  feet.  Seepage  control 
would  be  provided  by  a grout  curtain  into  the  abutments  and  across 
the  valley  floor,  and  by  embankment  filter  drains.  The  spillway  would 
consist  of  an  open  cut  through  the  left  abutment  with  a level  base  at 
elevation  629,  length  of  1,900  feet  ar.d  vddth  of  100  feet.  The  spill- 
way is  designed  to  discharge  14,450  cubic  feet  per  secord.  A cut  ar.d 
cover  outlet  works,  located  at  the  toe  of  the  left  abutment  and  founded 
on  silty-clay  shale,  would  include  a control  tower  frith  three  service 
gates,  4 feet  wide  by  8 feet  high,  a 10-foot  diameter  circular  concrete 
conduit,  transitions  and  stilling  basin.  Two  email  multiple-stage  cut- 
lets with  facilities  for  reoxygenation  would  be  provided  for  low  flew 
control . 
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The  Embarrass  River  has  a total  drainage  area  of  2,435  square 
miles  of  which  915  square  miles  are  above  the  Lincoln  dam  site  proposed 
herein.  The  City  of  Charleston's  present  water  supply  reservoir  and 
raw  water  intake  and  pumping  stations  would  be  inundated  by  Lincoln 
Reservoir.  Compensatory  storage  in  Lincoln  Reservoir  and  revision  of 
other  facilities  is  a Federal  responsibility.  Storage  data  for  Lincoln 
Reservoir  are  given  in  the  following  tabulation; 


Pool 


Capacity 

Elevation  Capacity  inches 

(ft.M.S.L, ) (acre-feet)  runoff 


Length  of 
pool 

Area  main  stream 
(acres ) (miles) 


Minimum 
Conservation 
Seasonal 
Flood  Control 
Total  Storage 


552.4  55,015 

552.4-554  6,300 

554-596  65,450 

554-629  476,955 

629  535,300 


1.13 

4,050 

24 

0.13  4,050-4,310 

26 

1.34 

4,310-6,760 

34 

9.77 

4,310-21,250 

55 

11.03 

21,250 

55 

A conservation  pool  of  6,300  acre-feet  would  be  provided  for  water 
supply  and  water  quality  control.  Of  this  amount  1,000  acre- feet  would 
be  for  replacement  of  the  project  inundated  water  supply  reservoir  of  the 
City  of  Charleston  and  5,300  acre-feet  for  downstream  water  quality  con- 
trol and  future  water  supply.  This  storage  would  satisfy  the  preliminary 
objectives  of  the  U.  S.  Public  Health  Service  and  the  needs  of  the  City 
of  Charleston  for  downstream  water  quality  control  and  water  supply, 
respectively. 


The  bureau  of  Outdoor  Recreation  has  indicated  (Appendix  F,  Exhibit 
F-4)  that  a total  of  5,000  acres  of  land  would  be  required  for  present 
and  future  general  recreation  use.  It  is  estimated  that  about  1,700 
acres  of  multi-purpose  project  lands  would  be  used  primarily  for  general 
recreation  ar.d  that  fee  acquisition  of  an  additional  3,300  acres  would 
be  required  to  meet  general  recreation  and  associated  purpose  needs . 

All  of  the  project  lands,  including  those  adjacent  to  the  tailwater, 
would  also  be  available  for  recreation.  The  specific  areas  for  the 
various  recreational  activities  would  be  designated  during  post- 
authorisation project  planning.  Facilities  for  recreational  development 
would  include  those  pertaining  to  picnicking,  fishing,  boating,  tent 
camping,  swimming  and  hunting.  Selected  areas  would  be  designated  for 
commercial  concessionaires.  The  wildlife  management  of  these  lands  would 
bo  compatible  with  any  other  project  uses  for  which  acquisition  would  be 
accomplished. 


The  project  recreation  plan  would  provide  for  an  annual  visitation 
increasing  from  425,000  to  1,100,000  over  the  project  life.  The  imple- 
mentation of  the  fish  and  wildlife  plan,  as  recommended  by  the  U.  0. 
Fish  and  Wildlife  Gervice  ar.d  as  contained  in  this  report,  would  result 
in  an  increase  of  55,000  angler  days  and  300  hunter  days. 
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A total  area  of  3o,aC0  acres  of  lar.d  would  te  required  for  the  com- 
plete project  development,  including  recreation  as  outlined  above. 

These  areas  would  include  those  required  for  construction,  operation 
of  the  flood  control  pool  and  permanent  structures.  The  total  esti- 
mated cost  of  the  Lincoln  Reservoir  is  033,CCO,CCO.  Fertinent  data 
for  this  project  are  shown  in  table  9.  A map  of  the  reservoir  area 
and  area  and  capacity  curves  are  shown  on  plate  2.  Plan  ar.d  sections 
of  the  proposed  structures  are  shown  on  plate  3.  A detailed  descrip- 
tion of  the  topography  and  geology  of  the  dam  site  is  given  in  Appendix 
E and  briefly  summarised  in  the  following  paragraph. 

(2)  Foundations . The  dam  site  proposed  herein  was  selected 
so  that  most  of  the  permanent  pool  could  te  maintained  within  rock. 

To  reduce  leakage  through  sand  lenses  in  the  abutment,  the  dam  should 
be  located  near  the  upstream  edge  of  point  or  promontory,  so  that  an 
upstream  impervious  blanket  or  fill  can  be  incorporated  into  the  de- 
sign embankment.  Upstream  gullies  along  the  abutments  would  be 
cleaned  and  filled  to  reduce  leakage  through  glacio-fluvial  gravel 

in  the  till.  The  abutments  are  composed  of  glacial  till  with  lenses 
of  sand  and  gravel  overlying  a soft,  fine  grained,  friable,  poorly 
cemented,  micaceous  sandstone  with  shaly  lamina.  Top  of  sandstone 
in  the  abutments  varies  frcm  elevation  5o'5  to  595.  Belov:  the  sand- 
stone is  a 20  to  25-foot  thick  silty  to  clay  shale.  The  shale  under- 
lying the  sandstone  in  the  abutments  is  medium  hard.  In  the  valley 
15  feet  of  the  shale  has  teen  stripped  off  by  erosion  of  the  Embarrass 
River  and  is  overlain  by  20  to  25  feet  of  alluvial  fine-grained  silty 
sand.  The  shale  beneath  this  alluvial  sand  is  very  soft  and  weathered 
to  a depth  of  6 to  9 feet  below  the  sand.  Preconstruction  explora- 
tions will  be  required  to  determine  if  this  shale  should  be  removed 
from  the  cut-off  trench  area.  The  friable,  poorly  cemented  sandstone 
would  require  tightening  by  a grout  curtain  in  the  abutments  and 
across  the  valley.  The  reservoir  spillway  would  have  its  crest  in 
glacial  till.  The  impervious  silty  sandy  clay  excavated  from  the 
spillway  cut  would  te  used  in  the  dam  embankment.  Construction 
materials,  with  the  exception  of  riprap  and  coarse  aggregate  are 
readily  obtainable.  Suitable  borrow  areas  are  located  in  the  abut- 
ments. Cement  and  fine  aggregate  could  te  obtained  frcm  commercial 
sources.  Riprap  and  coarse  aggregate  sources  in  the  area  must  be 
tested. 

(3)  Lards  and  damages.  Lands  required  for  the  project  are 
utilioed  principally  for  grain  farming.  Approximately  145  families 
reside  within  the  reservoir  area,  with  approximately  20$  of  the 
affected  farm  dwellings  either  vacant  or  abandoned.  Excellent  con- 
crete and  asphalt  roads  traverse  the  reservoir  area  in  Cumberland  and 
Douglas  Counties.  The  majority  of  Cole  County  roads  (in  the  center 
of  the  project  area)  are  improved  gravel  surfaced  roads  while  seme 
near  the  river  are  unimproved  dirt,  lard  costs  were  estimated  on  the 
basis  of  acquisition  in  fee  simple  of  approximately  35,500  acres  of 
joint-use  land,  exclusive  of  for  recreation,  and  improvements  thereon. 
This  acreage  was  determined  by  taking  all  lands  lying  below  elevation 
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634,  which  includes  a five  foot  freeboard  above  the  proposed  spillway 
crest  of  629  feet,  or  those  lands  within  a 3C0-foot  strip,  measured 
horizontally  from  the  flood  control  pool,  whichever  would  provide  the 
greater  area.  A discussion  of  real  estate  criteria  is  contained  in 
paragraph  30. d.  Gross  appraisal  of  lands  ar.d  damages  in  connection 
with  the  construction  of  Lincoln  Reservoir  is  ^12,b'00,0C0,  A detailed 
breakdown  of  the  gross  appraisal  is  presented  in  Appendix  A. 

(4)  Relocations.  Relocations  or  alterations  would  be  neces- 
sary for  two  miles  of  State  highways,  one  and  one-half  miles  of  Federal 
Aid  secondary  roads,  three  miles  of  single-track  railroad  and  two  miles 
of  county  roads.  There  are  about  six  miles  each  of  power  and  telephone 
lines  that  would  require  some  alterations.  Two  churches,  and  four 
cemeteries  containing  a total  of  approximately  440  graves,  would  be 
moved . 

The  Charleston  water  supply  reservoir  and  raw  water  intake  and 
pumping  station  would  be  inundated  by  Lincoln  Reservoir.  Compensatory 
storage  in  Lincoln  Reservoir  and  revision  of  other  facilities  to  replace 
the  existing  service  would  be  a Federal  responsibility.  Opportunity 
would  exist  for  expansion  of  Charleston  water  supply  storage  in  the 
reservoir  and  local  interests  have  indicated  their  intention  of  doing 
so  and  assuming  costs  associated  therewith.  One  pipe  line  crosses  the 
reservoir  near  the  extreme  upper  limits  of  the  flood  control  pool;  r.o 
alteration  is  deemed  necessary.  Slope  protection  in  the  form  of  riprap 
for  the  City  of  Oakland's  water  supply  dam  would  be  required.  Reloca- 
tion and/or  alteration  would  be  necessary  for  experimental  fishery 
facilities  located  in  Fox  Ridge  State  Park;  the  remaining  development 
in  the  park  would  not  be  disturbed  by  the  reservoir.  Summary  of  reloca- 
tions required  for  Lincoln  Reservoir  is  given  in  the  pertinent  data 
table  9.  Locations  of  the  existing  and  proposed  road  relocations  are 
shown  on  plate  2. 

b . Clifty  Creek  Reservoir. 

(l)  General.  The  site  of  the  Clifty  Creek  Reservoir  project 
is  located  in  Bartholomew  and  Decatur  Counties,  Indiana,  on  Clifty 
Creek,  a tributary  of  the  East  Fork  White  River.  The  dam  cite  is  lo,/. 
miles  above  the  mouth  of  Clifty  Creek.  The  project  is  proposed  for 
multiple-purpose  development  to  include  flood  control,  general  recrea- 
tion, and  fish  ar.d  wildlife  recreation.  The  Clifty  Creek  Reservoir 
site  is  considered  to  be  one  of  the  better  reservoir  sites  tributary  to 
the  East  Fork  of  the  White  River  and  the  best  reservoir  site  on  Clifty 
Creek. 

Clifty  Creek  dam,  with  a crest  elevation  of  753  and  a total  length 
of  7,000  feet,  would  consist  of  a concrete  section  in  the  river  472  feet 
long,  with  rolled  earth  fills  of  30-foot  top  width  extending  to  each 
abutment.  The  maximum  height  of  the  dam  would  be  6d  feet.  The  con- 
crete gravity  overflow  spillway,  with  crest  at  elevation  717,  would  be 
equipped  with  three  tainter  gates  40  feet  wide  by  26  feet  high,  with 
top  of  gate.:  at  elevation  745,  which  is  top  of  flood  control  pool  for 
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normal  operation.  The  spillway  is  designed  for  a maximum  discharge  of 
71,700  cubic  feet  per  second.  Two  sluices  through  the  spillway  section, 

4 feet  v;ide  by  6 feet  high,  with  slide  gates  at  the  upstream  end,  would 
provide  for  regulated  flood  releases  and  low  flow  control.  In  the 
interest  of  fisheries  downstream  from  the  dam,  two  small  multiple-stage 
low  flow  outlets  with  reoxygenating  facilities  would  be  provided.  Eaffles 
and  an  end  sill  would  be  located  on  a concrete  apron  downstream  of  the 
spillway  ogee  section  to  dissipate  the  energy  of  spillway  and  outlet  dis- 
charges. Concrete  gravity  non-overf low  sections  would  flank  the  spill- 
way and  tie  into  the  earth  dams  which  would  extend  to  each  abutment. 
Storage  data  for  Clifty  Creek  Reservoir  are  given  in  the  following 
tabulation: 


Pool 

Elevation 
(ft.M.S.L. ) 

Capacity 

acre-feet 

Capacity 

inches 

rur.off 

Area 
(Acres ) 

Length  of  pool 
main  stream 
(miles ) 

Minimum 

705 

7,655 

1.03 

548 

5 

Seasonal 

720 

18,515 

2.48 

919 

6 

Flood  Control 

705-745 

48,553 

6.51 

2,390 

8 

Total  Storage 

745 

56,208 

7.54 

2,390 

8 

An  earth  dike  3,500  feet  long  with  a maximum  height  of  8 feet,  a crown 
width  of  12  feet  with  1 on  2.5  side  slopes,  and  a top  elevation  the 
same  as  the  dam  is  required  across  a low  point  in  the  valley  rim  about 
4 miles  south  of  the  dam.  Construction  of  the  proposed  Clifty  Creek 
Reservoir  would  require  protection  of  the  town  of  Hartsville  with  an 
earth  levee.  The  levee  would  be  approximately  3,500  feet  long  and  con- 
structed to  a top  elevation  of  753  feet.  Necessary  drainage  facilities 
would  be  provided  for  the  area  protected.  In  order  to  provide  for 
multiple  use  of  the  project,  it  would  be  necessary  to  augment  flood 
control  land  requirements  by  fee  acquisition  of  600  acres  of  land  east 
and  south  of  Hartsville  for  recreation  and  recreation-associated  pur- 
poses, in  accordance  with  Bureau  of  Cutdoor  Recreation  recommendations 
(Appendix  F,  Exhibit  F-4).  The  island  located  in  the  Fall  Fork  pool 
would  be  part  of  the  deferred  recreational  development.  All  of  the 
project  lands,  including  those  adjacent  to  the  tailwnter  would  be 
available  for  general  recreation,  fishing  and  hunting.  The  management 
objectives  for  these  lands  would  be  compatible  with  the  project  uses 
for  which  they  would  be  acquired.  The  project  plan  would  accommodate 
an  annual  recreation  visitation  increasing  from  200,000  to  800,000 
over  the  life  of  the  project.  The  implementation  of  the  fish  and 
wildlife  plan,  as  presented  in  this  report,  would  result  in  an  annual 
increase  of  23,000  angler  days.  A total  land  acquisition  of  3,880 
acres  would  be  required  for  the  complete  project  development,  includ- 
ing recreation  as  outlined  above . The  total  estimated  cost  of  the 
Clifty  Creek  Reservoir  is  $15,900,000.  Fertinent  data  for  the  pro- 
posed reservoir  project  is  3hown  in  table  9.  A map  of  the  reservoir 
area  and  area  and  capacity  curves  are  shown  on  plate  4.  Plan  and 
sections  of  the  proposed  structures  are  shown  on  plate  5. 
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(2)  Foundations . Foundation  investigations  indicate  that 
Clil’ty  Creek  has  cut  a 65-foot  deep  valley  into  the  dolomite  and  lime- 
stone bedrock  at  Clifty  Creek  damsite.  The  alluvial  overburden  in 
Clifty  Creek  channel,  however,  consists  of  clay  and  silty  sand  averaging 
about  12  feet  in  thickness.  Glacial  till  deposits  exist  above  the 
primary  banks  and  vary  in  thickness  from  a few  feet  to  about  80  feet 

at  a buried  channel.  Two  buried  channels  were  encountered  during  sub- 
surface explorations,  one  under  each  abutment.  Preconstruction  planning 
explorations  will  be  required  to  determine  the  alignment  of  the  buried 
channels  and  the  imperviousness  of  the  right  bank  channel  cover.  The 
left  bank  channel  is  filled  with  impervious  gravelly  sandy  clay  till  and 
no  serious  leakage  problems  are  anticipated.  The  dam  embankments  would 
be  constructed  of  glacial  till.  A 30-foot  wide  cutoff  trench  to  bedrock 
would  be  constructed  in  the  valley  abutments  and  across  the  valley. 
Grouting  wou,  d be  required  the  full  length  of  the  dam  from  top  of  rock 
to  elevation  650.  Pervious  and  impervious  borrow  can  be  obtained  with- 
in the  reservoir  area  and  in  the  Fall  Fork  Valley.  Sands  and  gravels 
for  drainage,  bedding  materials  and  fine  aggregates  are  available  from 
sources  near  Columbus,  Indiana.  Quarries  which  can  produce  riprap  and 
coarse  aggregate  are  located  within  17  miles  of  the  dam  site.  Testing 
would  be  required  for  these  materials  and  sources.  A detailed  geology, 
soils  and  material  report  is  presented  in  Section  II  of  Appendix  E. 

(3)  Lands  and  damages.  Lands  required  for  the  project  are 
utilized  principally  for  grain  farming  and  livestock  operations.  Numerous 
all-weather  roads  traverse  the  reservoir  and  provide  adequate  access. 

The  high  rate  of  industrial  employment  in  the  City  of  Columbus,  Indiana, 
approximately  12  miles  southwest  of  the  dam  site  has  created  a market 
for  small  acreage  homesites  immediately  west  of  the  reservoir  area,  and 
will  tend  to  increase  land  costs  in  the  area  in  the  future.  Gross 
appraisal  for  all  lands  and  damages  is  $1,810,000.  Land  costs  are  esti- 
mated on  the  basis  of  acquisition  in  fee  simple  for  the  purposes  listed 
in  Real  Estate  Criteria,  paragraph  3Cd. 

(4)  Relocations , There  are  two  cemeteries  in  the  town  of 
Hartsville  for  which  relocation  would  be  required.  Harts ville  College 
Cemetery  containing  525  graves  and  a cemetery  located  in  the  northwest 
section  of  Hartsville,  containing  198  graves.  Since  the  reservoir  area 
is  not  heavily  populated,  about  60  families  would  require  resettlement. 
Relocations  would  also  be  necessary  for  approximately  4.3  miles  of  State 
highways;  0.85  miles  of  county  roads,  and  10  miles  each  of  power  and 
telephone  lines. 

c . Patoka  Reservoir. 

(1)  General.  The  site  of  the  Patoka  Reservoir  project  is 
located  in  Dubois,  Orange  and  Crawford  Counties,  Indiana,  on  Patoka 
River,  a tributary  of  the  Wabash  River.  The  dam  site  is  118.3  miles 
above  the  mouth  of  the  Patoka  River.  The  project  is  proposed  for 
multiple-purpose  development  to  include  flood  control,  low  flow  augmen- 
tation for  water  supply  and  water  quality  control,  general  recreation 
' and  fish  and  wildlife  recreation.  The  r-rojeot  proposed  heroin  is  the 
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most  desirable  ar.d  economical  for  the  basin  based  on  preliminary  evalua- 
tion of  costs  and  benefits  applicable  to  alternates;  and  degree  of  con- 
trol attainable.  It  is  supported  by  the  Indiana  Flood  Control  and  Water 
Resources  Commission  as  a result  of  their  studies.  The  dam  would  be  a 
rolled  earth  and  rock  fill  structure  with  a crest  30  feet  wide,  2,500 
feet  long  at  elevation  565,  and  a maximum  height  of  89  feet.  A transi- 
tion zone  of  graded  material  would  be  provided  between  the  earth  and 
rock  fill.  A cutoff  trench  would  be  provided  in  the  valley  floor.  The 
spillway  would  consist  of  a 4C0-fcot  wide  open  cut  through  the  right 
abutment,  having  a crest  elevation  of  550  and  a +0.5  percent  and  -1.5 
percent  grade  for  the  upstream  and  downstream  slopes,  respectively. 

The  base  of  the  spillway  would  be  in  unweathered  limestone  with  a few 
mud  seams  expected.  The  material  excavated  from  the  spillway  cut  would 
be  suitable  to  use  in  the  dam  as  random  rock  fill  on  the  downstream 
side  of  the  dam  and  as  riprap  on  the  upstream  side.  The  spillway  is 
designed  to  discharge  47,400  cubic  feet  per  second.  Discharge  over  the 
spillway  would  result  in  tailwater  back  eddies  at  the  dam.  The  dam 
rock  fill  would  be  selected  and  placed  to  provide  the  necessary  protec- 
tion for  the  downstream  toe  of  the  dam.  A cut  and  cover  outlet  works 
located  at  the  toe  of  the  right  abutment  on  bedrock  and  firm  till, 
would  include  a control  tower  with  three  control  gates  3.75  feet  wide 
by  7.25  feet  high,  a 9-foot  diameter  circular  concrete  conduit  transi- 
tions and  stilling  basin.  Two  small  multiple -stage  outlets  with  facili- 
ties for  reoxygenation  would  be  provided  for  low  flow  control.  An 
earth  dike  would  be  constructed  to  the  height  of  the  dam  across  a low 
point  of  the  left  valley  rim  located  about  2,500  feet  southwest  of  the 
dam  site.  Storage  data  for  Patoka  Reservoir  are  given  in  the  following 
tabulation : 


Pool 

Elevation 
(ft.M.S.L. ) 

Capacity 

(acre-feet) 

Capacity 

inches 

runoff 

Area 
(acres ) 

Length  of  pool 
main  stream 
(miles) 

minimum 

5C6 

13,200 

1.47 

2,010 

11 

Conservation 

506-536 

167,500 

10.70 

8,880 

25 

Flood  Control 

536-550 

144,100 

16.08 

11.760 

31 

Total  Storage 

550 

324,800 

36.25 

11,760 

31 

The  Bureau  of  Outdoor  Recreation  (Appendix  F,  Exhibit  F-4)  has  indi- 
cated that  a total  of  4,000  acres  of  land  would  be  required  for  present 
and  future  general  recreation  use.  It  is  estimated  that  about  1,100 
acres  of  normal  project  land  acquisition  would  apply  to  this  require- 
ment and  that  fee  acquisition  of  an  additional  2,900  acres  would  meet 
this  general  recreation  requirement.  All  of  the  project  lands,  includ- 
ing those  adjacent  to  the  tailwater,  would  be  available  for  general 
recreation,  and  fishing  and  hunting.  The  specific  areas  for  the  various 
recreational  activities  would  be  designated  during  post-authorization 
project  planning.  Facilities  for  recreational  development  would  include 
those  pertaining  to  picnicking,  fishing,  boating,  tent  camping,  swimming 
ar.d  hunting.  Selected  areas  would  be  designated  for  commercial  conces- 
sionaires. The  wildlife  management  of  these  lands  would  be  compatible 
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with  the  project  uses  for  which  acquisition  would  he  accomplished.  The 
project  plan  would  provide  for  an  annual  recreation  visitation  increas- 
ing from  4C0,0C0  to  1,350,000  over  the  project  life.  The  implementation 
of  the  fish  and  wildlife  plan,  as  recommended  by  the  U.  S.  Fish  and 
V/ildlife  Service  and  presented  in  this  report,  would  result  in  an  in- 
crease in  annual  use  of  the  area  by  121,000  angler  days.  A total  area 
of  21,900  acres  of  land  would  be  required  for  the  complete  project 
development,  including  the  recreation  as  outlined  above.  These  areas 
would  include  those  required  for  construction,  operation  of  the  flood 
control  pool  and  permanent  structures . 

A conservation  pool  of  167,500  acre-feet  would  be  provided  to 
augment  downstream  low  flows  in  the  interest  of  water  supply  and  water 
quality  control,  in  accordance  with  the  recommendations  of  the  United 
States  Public  Health  Service  ar.d  the  desires  of  the  State  of  Indiana  as 
expressed  by  the  Indiana  Flood  Control  ar.d  V/ater  Resources  Commission. 

This  storage  is  sufficient  to  provide  continuous  coincident  flows 
for  water  supply  and  water  quality  control  of  130  cubic  feet  per  second 
and  68  cubic  feet  per  second,  at  Jasper,  respectively. 

The  total  estimated  cost  of  the  Patoka  Reservoir  is  $24,000,000. 
Pertinent  data  for  the  project  is  given  in  table  9.  A map  of  the  reser- 
voir area  and  area  and  capacity  curves  are  shown  on  plate  6.  Plan  and 
sections  of  the  proposed  structures  are  shown  on  plate  7.  Detailed 
descriptions  of  the  topography  and  geology  of  the  dam  site  are  given 
in  Appendix  E. 

(2)  Foundations . Preliminary  reconnaissance  in  the  reservoir 
area  was  accomplished  by  the  Indian.;  Flood  Control  ar.d  V/ater  Resources 
Commission  and  the  site  proposed  herein  was  suggested  by  the  Flood 
Control  Commission.  Corps  of  Engineers  investigations  have  demonstrated 
general  competence  of  the  dam  site  foundations  and  were  concentrated  on 
ground  water  studies  and  other  determinations  relating  to  water  tight- 
ness of  the  dam  foundations.  The  Flood  Control  Commission  has  financed 
and  arranged  for  accomplishment  of  explorations  supplemental  to  those 
of  the  Corps . 

The  alluvial  valley  sand  is  compact  and  relatively  impervious, 
overlaying  bedrock  top  layers  of  sandstone  and  shale.  Top  layers  of 
limestone  exist  in  the  abutments.  About  5 feet  of  stripping  of  silty 
clay  would  be  required  under  the  embankment.  To  control  and  limit 
leakage,  relief  wells  would  be  installed  at  the  downstream  toe  of  the 
dam  and  a 6-foot  thick  blanket  of  impervious  material  would  be  placed 
to  extend  500  feet  upstream  from  the  upstream  toe  of  the  dam.  No  grout- 
ing would  be  required  in  the  valley.  A grout  curtain  from  the  dike  to 
the  spillway  will  be  required  to  protect  the  structures  and  grout  cur- 
tains into  the  drainage  divides  will  be  required  to  control  leakage. 

The  dam  embankment  would  be  constructed  of  rock  excavated  from  the  spill- 
way and  soil  from  the  left  abutment  borrow  area,  in  addition  to  drain 
and  graded  aggregate  zone  material.  The  dike  would  be  constructed  of 
soil  from  the  borrow  area  between  the  dam  and  dike.  Materials  for  drains, 
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bedding  layers,  graded  aggregate  zones  and  concrete  would  be  obtained 
commercially.  In  the  spillway  excavation  large  mud  seams  should  be 
expected  in  the  limestone.  Yihen  exposed  to  weathering  the  indurated 
clay  at  the  crest  will  completely  break  down.  A concrete  control  struc- 
ture will  be  required  to  maintain  the  spillway  crest  elevation. 

(3)  Lands  and  damages.  The  major  portion  of  the  lands  re- 
quired for  the  project  are  presently  in  grass  and  gro?/n  up  pasture 
with  limited  cattle  operations.  While  the  land  appears  to  be  suita- 
ble for  cultivation,  poor  drainage  with  frequent  flooding  during  the 
crop  season  greatly  diminishes  the  utility  of  this  land.  Access  is 
generally  good  over  county  roads.  Approximately  160  families  reside 
within  the  reservoir  area.  A gross  appraisal  of  all  lands  and  damages 
in  connection  with  construction  of  Patoka  Reservoir  is  $3,C60,GC0. 

The  detailed  breakdown  of  the  gross  appraisal  is  given  in  Appendix  A. 

(4)  Relocations.  Relocations  or  alterations  would  be  re- 
quired for  approximately  six  miles  of  State  highways,  3 miles  of 
Federal-aid  secondary  roads  and  5 miles  of  county  roads . There  are 
about  16  miles  of  power  lines  and  about  14  miles  of  telephone  lines 
that  would  require  some  alterations.  Five  cemeteries  containing 
about  400  graves  would  be  moved.  Summary  of  relocations  required 
for  the  Patoka  Reservoir  is  shown  in  the  pertinent  data  table  9. 

Location  of  the  existing  and  proposed  road  relocations  are  shown  on 
plate  6. 

d.  Real  estate  criteria.  Land  required  for  the  projects  herein 
will  be  acquired  in  fee  simple  for  the  following  purposes: 

(1)  The  dam  site,  construction  areas,  and  permanent  structures. 

(2)  The  reservoir  area  up  to  an  elevation  which  allows  a 
selected  freeboard  above  the  flood  control  pool,  to  provide  for  adverse 
effects  of  saturation,  wave  action  and  bank  erosion. 

(3)  Where  freeboard  dees  not  provide  a minimum  of  300  feet 
horizontally  from  the  flood  control  pool,  it  will  be  increased  to  that 

xtent. 

(4)  Selected  sites  along  the  shoreline  to  meet  present  ar.d 
future  requirements  for  outdoor  recreation. 

A real  estate  cost  estimate  was  made  for  each  of  the  three  reser- 
voir projects  proposed  herein.  These  cost  estimates  included  cost  for 
the  following  real  estate  phases  of  the  projects:  (a)  acquisition  at 

fair  market  value  of  all  necessary  lands  and  improvements  in  fee 
simple  (b)  damages  to  property  resulting  from  severance,  when  applica- 
ble, and  impairment  of  access  to  portions  remaining,  (c)  resettlement 
costs  by  persons  involved  in  locating  and  moving  to  another  place, 

(d)  contingencies  for  change  in  market  conditions,  excessive  court 
awards  and  other  expenses  not  specifically  anticipated  or  itemized. 
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The  detailed  real  estate  cost  estimates  for  the  reservoir  projects 
proposed  herein  are  presented  in  Appendix  A. 

Values  of  lands  and  damages  were  determined  by  appraisals  based  on 
field,  reconnaissance,  recent  sales  and  county  records.  Severance  damages 
were  estimated  by  field  reconnaissance.  Resettlement  costs  and  contin- 
gency estimates  are  based  on  past  experience  for  similar  projects. 

e.  Relocations.  Relocation  studies  for  roads  affected  by  the  pro- 
posed reservoirs  were  based  on  the  criteria  which  have  been  used  pre- 
viously in  studies  and  actual  construction  of  water  resource  projects  in 
the  States  of  Indiana  and  Illinois.  All  State  and  Federal  highways  with- 
in the  reservoir  will  be  raised  or  relocated  above  the  flood  control  pool 
level.  County  roads  which  cross  the  reservoir  area  and  are  to  remain  in 
use  after  project  completion,  or  access  roads  to  areas  that  otherwise 
would  be  isolated  by  high  pool  stages,  would  be  raised  or  relocated  to 
the  level  of  the  flood  control  pool.  All  roads  that  require  relocation 
or  alteration  under  the  basic  criteria  would  be  constructed  to  the  design 
standards  comparable  to  those  of  the  State  for  the  traffic  existing  at 
the  time  of  taking  in  accordance  with  the  provisions  of  Section  2C7, 

Public  Law  86-645,  approved  14  July  I960.  Where  properties  abutting 
county  roads  would  be  purchased  and  the  need  for  the  roads  would  cease 

to  exist  when  the  project  is  completed,  the  affected  roads  would  be 
abandoned.  Studies  indicate  that  the  additional  cost  of  overland  trans- 
portation due  to  relocation  and  abandonment  of  existing  roads  at  the 
proposed  reservoir  projects  would  be  more  than  offset  by  the  proposed 
improved  facilities. 

A summary  of  relocations  required  for  the  three  reservoirs  is  shown 
in  pertinent  data,  table  9. 

f.  Method  of  operation.  During  periods  of  storm  runoff,  the  reser- 
voirs considered  in  this  report  would  be  operated  with  the  objective  of 
limiting  flood  storage  releases  to  rates  that  would  not  exceed  control 
stages  at  downstream  key  points.  The  reservoirs  would  be  operated  as  a 
part  of  integrated  flood  control  systems  of  the  Wabash  and  Ohio  River 
Basins.  Flood  control  space  is  superimposed  on  a minimum  pool  level  at 
Clifty  Creek  Reservoir  which  makes  allowance  for  silt  accumulation  during 
the  project  life.  At  Lincoln  Reservoir  flocd  control  space  is  superimposed 
on  an  additional  small  storage  allocation  designed  to  provide  a specified 
minimum  regulated  flow  in  the  interests  of  water  supply  and  water  quality 
control,  and  at  Patoka  Reservoir  flocd  control  space  is  superimposed  on  a 
substantial  conservation  storage  allocation  for  these  purposes.  Conserva- 
tion storage  at  Lincoln  and  Patoka  would  be  operated  during  periods  of 

low  run-off  to  provide  the  minimum  flows  for  which  they  were  designed. 

At  Clifty  Creek  project,  maintenance  of  the  minimum  pool  level  would  be 
the  objective  during  the  winter  months,  1 December  through  1 April,  in 
order  to  provide  maximum  storage  for  flood  control.  At  Lincoln  ard  Fatckn 
projects  maintenance  of  conservation  pool  levels  through  these  winter 
periods  would  be  the  objective.  During  the  summer  months,  about  1 May  to 
1 September,  when  the  flood  threat  has  lessened,  Clifty  Creek  or.d  Lincoln 
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Reservoir  pools  would  be  raised  to  seasonal  pool  levels  higher  than  the 
winter  pool  objectives  to  increase  the  recreation  potentials  of  these 
projects.  Seasonal  pool  heights  proposed  are  dependent  on  summer  nan- 
off  and  would  be  achieved  three  years  out  of  four.  Water  surface  areas 
available  for  summer  recreation  would  be  increased  about  50  percent 
thereby.  Froposed  reservoir  regulation  plans  and  other  data  related 
to  the  operation  of  the  reservoirs  are  given  in  Appendix  D. 
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Total  length,  feet  2,400  6,388  2,500 
yaxicuai  height,  feet  110  88  89 
Freeooard,  feet  4.9  5 5, 
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TABLE  9 
(CONT'D) 


SECTION  VII  - ECONOMICS  CF  RESERVOIR  PLANS 


31.  ESTIMATES  OF  FIRST  CtST. 

The  total  estimated  first  cost  of  construction  of  Lincoln, 
Clifty  Creek  and  Fatoka  Reservoir  projects,  based  on  unit  prices 
prevailing  in  December  19&3,  are  $33> 000, 000,  .v;15, 900,000,  ar.d 
$24,CC0,CC0  res3.ee tively.  The  future  increments  of  recreation, 
contingencies,  engineering  and  design,  and  supervision  and  ad- 
ministration are  included  in  these  totals.  Contingency  amounts 
are  based  on  the  degree  of  adequacy  of  specific  information  on 
which  the  estimates  for  specific  items  are  based.  Engineering 
and  design  and  supervision  and  administration  amounts  are  based 
on  cost  experience  for  similar  work.  A summary  of  the  first 
costs  for  each  project  is  given  in  table  11.  Detailed  estimates 
of  first  costs  are  shown  in  Appendix  A. 

32.  ESTIMATES  OF  ANNUAL  CHARGES. 

Financial  ar.d  economic  costs,  investment  and  annual  costs 
for  each  of  the  three  multiple  purpose  reservoir  projects  are 
given  in  table  12.  The  investment  includes  the  total  first  cost 
plus  interest  for  this  amount  over  one-half  of  an  estimated  four- 
year  construction  period.  The  amortization  a aunt  is  based  on  n 
interest  rate  of  percent  ar.d  a useful  proje  . . life  of  ICC  years. 
Costs  are  included  as  a separate  item  for  major  replacement  of 
those  portions  of  the  project  that  are  expected  to  have  a physical 
life  of  less  than  100  years.  Allowance  for  loss  of  land  produc- 
tivity is  based  on  5 percent  annual  net  income  on  reservoir  lands. 
Detailed  estimates  of  annual  costs  for  Lincoln,  Clifty  Creek  and 
Fatoka  Reservoirs  are  given  in  Appendix  A. 

Area  Redevelopment  Act  effects  as  a reduction  in  economic 
costs  are  suiunarizeJ  as  follows: 

The  value  of  wages  paid  for  the  construction,  operation  and 
maintenance  of  the  proposed  projects  to  person-  otherwise  un- 
employed who  live  in  Redevelopment  Counties  within  co.. muting 
tar.ee  is  credited  to  each  project  as  a reduction  of  the  economic 
costs.  The  values  ;omput<  1 foi  th<  Lnil  • . construct:  n 

of  the  pi'ojects  were  converted  to  average  annual  equivalent  val'x  c 
by  1 und  Ini  hods.  All  Ai  expc  1 1 for  con- 

struction, operation  ar.d  maintenance  of  the  future  increment  oi 
recreation  and  for  operation  ana  maint  'nance  of  the  initial  incre- 
ment were  discounted,  with  the  assumption  that  employment  op,  ,rt  . 
ties  scald  increase,  without  the  projects,  to  full  employment  2 1 
years  after  completion  of  initial  construction.  Thesi  nted 

values  were  then  converted  to  average  annual  equivalent  values  b,. 

: ethods.  f ] v ' i ' 

requirements  is  based  upon  office  studies  of  recent,  detailed  cos' 

rs.  A surma: 

ists  and  si  ■ 1 1 1 enl  ' 3 . 
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TABLE  10 

AREA  REDEVELCFI.EIIT  ACT  EFFECTS  AS  REDUCTION 
CF  ANNUAL  ECCNC1HC  COSTS 


Reservoir 

ARA  Wage  Expenditures 

Froject 

Construction 

Operation  & Maintenance 

Total 

Lincoln 

$70,000 

$21,000 

$91,000 

Clifty  Creek  1/ 

- 

- 

- 

Patoka 

62,000 

23,000 

85,000 

V Clifty  Creel:  Reservoir  not  affected  by  rrovisicns  of  Area  Re- 
development Act. 

TABLE  11 

SUMMARY  OF  ESTIMATED  FINANCIAL  FIRST  COSTS  LINCOLN,  CLIFIY  CREEK 
AND  PATCKA  MULTIPLE  PURPOSE  RESERVOIR  PROJECTS 

(Based  on  unit  prices  prevailing  in  December  1963) 


Item 

Lincoln 

Reservoir 

Clifty  Creek 
Reservoir 

Patoka 

Reservoir 

Lands  and  damages 

$12,800,000 

$ 1,810,000 

$ 3,060,000 

Relocations 

8,200,000 

2,250,000 

5,150,000 

Reservoir 

1,790,000 

140,000 

300,000 

Dam  and  appurtenances 

3,640,000 

6,330,000 

7,170,000 

Levees 

- 

290,000 

- 

General  recreation  1/ 

3,790,000 

2,870,000 

4,730,000 

Fish  and  wildlife 

125,000 

110,000 

200,000 

Buildings,  grounds  and  utilities  100,000 

100,000 

100,000 

Permanent  operating  equipment 

70,000 

75,000 

70,000 

Engineering  and  design 

1,185,000 

912,000 

1,285,000 

Supervision  and  administration 

1,300,000 

963,000 

1,435,001 

Total  estimated  cost  2/ 

$33,000,000 

$15,900,000 

$24,000,000 

1/  Includes  future  increment  of  recreation 

2/  Preauthori^.ation  cost  of  $35,000  for  each  reservoir  project  is  not 
included. 
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TABLE  12 
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ESTIMATES  OF  BENEFITS . 


-i 

JJ* 

a.  General.  Estimates  of  flood  control  benefits  to  the  proposed 
improvements  were  developed  by  use  of  standard  methods  and  procedures 
used  by  Corps  of  Engineers  in  project  development.  Determination  of 
general  recreation,  fish  and  wildlife  recreation,  water  supply  and  water 
quality  control  benefits  were  made  in  conjunction  with  studies  conducted 
by  other  agencies.  A brief  description  of  benefits  to  the  proposed 
reservoirs  is  given  in  the  following  paragraphs  and  summarized  in  table 
13.  No  system  analysis  was  made  of  the  reservoirs.  In  the  area  of 
common  influence  along  the  Wabash  River,  the  sum  of  the  stage  reductions 
afforded  by  the  three  reservoirs  for  a flood  with  a frequency  of  once  in 
30  years  on  the  Mount  Cancel  gage  is  about  0.3  foot. 

b.  Flood  Control. 

(1)  Tangible  benefits.  Flood  control  benefits  that  are 
credited  to  Lincoln,  Clifty  Creek  and  Patoka  Reservoirs  are  the  differ- 
ences in  tangible  annual  flood  losses  between  present  conditions  of 

f ' coding  and  whose  expected  with  these  reservoirs  in  operation.  In 
determining  the  value  of  present  annual  losses,  consideration  was  given 
to  the  beneficial  effects  of  both  existing  reservoirs  and  those  under 
construction,  and  to  the  operation  of  local  protection  projects  that 
are  existing,  under  construction  or  in  the  advanced  design  stage.  Au- 
.horized  levee  projects  were  considered  on  the  basis  of  a logical 
s Piedule  of  construction  and  it  was  determined  that  there  would  be  no 
appreciable  effect  on  the  economics  of  these  projects  over  the  life  of 
the  reservoirs. 

Tangible  benefits  to  the  studied  reservoirs  were  determined  by  the 
damage-frequency  procedure  of  analysis.  Benefits  to  each  reservoir 
were  computed  independently  of  the  other  two  reservoirs.  A summary  of 
those  benefits  is  presented  in  table  13.  Additional  data  on  development 
of  tangible  benefits  are  given  in  Appendix  B. 

(2)  Intan, -ible  benefits . These  benefits,  although  not 
monetarily  evaluated,  arc  of  importance  in  the  study  area.  These  pro- 
posed reservoirs,  in  conjunction  with  other  flood  protection  works, 

'will  assist  in  reducing  flood  stages  and  durations  downstream  from 
bhe  deun  sites.  This  will  decrease  the  potential  hazards  that  accom- 
pany flooding,  such  as  loss  of  life,  contraction  of  epidemic  diseases, 
'.id  deterioration  of  health  from  unnatural  exposures.  The  general 
wealth  and  well  being  of  the  persons  who  reside  in  the  overflow  area 
will  be  enhanced. 

r.  Future  growth.  Several  studies  have  been  made  as  tc  the 
future  economic  growth  in  the  Wabash  River  and  Ohio  River  Basins. 

' hese  studies  are  based  primarily  on  population  trer.ds  and  predicted 
mployment.  It  is  considered  a conservative  estimate  to  assume 
u 200  percent  growth  sn  the  overflow  areas  of  the  Wabash  River  Basin 
and  a 1?0  percent  growth  in  the  lower  Ohio  River  overflow  area  will 
occur  during  the  100-ycar  project  life,  regai ’less  of  th  development 
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of  flood  control  projects.  Using  a long  term  interest  rate  of  throe 
percent,  the  average  annual  equivalent  factors  for  the  200  and  150 
percent  increases  are  0.576 OS  and  0.43266,  respectively.  Flood  pre- 
vention tenefits  to  the  '7 abash  River  and  tributaries  and  the  lover 
Ohio  River  were  increased  by  the  appropriate  factor  to  include  bene- 
fits for  this  future  growth.  Development  of  the  estimates  of  annual 
growth  factors  is  given  in  Appendix  B. 

d.  General  recreation.  The  Bureau  of  Outdoor  Recreation  made  a 
study  of  the  recreation  potential  at  each  of  the  proposed  reservoir 
sites.  From  these  studies  estimates  were  made  of  expected  annual 
recreation  visitation  at  each  site  for  two  stages  of  development.  The 
initial  stage  is  the  attendance  which  could  be  expected  in  the  first 
five  years  of  project  operation.  The  future  increment  stages  of 
development  would  provide  for  an  attendance  that  could  be  expected  to 
occur  at  seme  future  time  during  the  project  life . Recreational  bene- 
fits were  computed  on  the  basis  of  $1.00  per  visitor  day  of  recreation 
with  the  tenefits  to  the  future  increment  being  discounted  to  present 
value  by  an  average  annual  equivalent  factor.  For  this  report  the 
future  increment  of  attendance  will  be  achieved  along  an  accelerated 
growth  curve  over  the  ICO-year  project  life.  General  recreation 
tenefits  to  the  proposed  reservoir  are  summarized  in  table  13  The 
Bureau  of  Outdoor  Recreation's  report  is  presented  in  Appendix  F 
Exhibit  F-4. 

e.  Fish  and  wildlife  recreation  Reports  prepared  by  the  'I  S. 
Fish  and  V/fldlife  Service  which  analyzed  the  effects  of  the  recom- 
mended projects  on  fish  and  wildlife  resources,  are  presented  in 
Appendix  F,  Exhibit  F-3  The  benefits  for  this  purpose  are  stated  in 
terms  of  the  net  increase  of  hunter  and  fisherman  visitations  at  each 
reservoir  site,  assuming  implementation  of  the  fish  and  wildlife  plans 
These  benefits  arc  summarized  as  a part  of  table  13- 

f.  Water  supply  and  water  quality  control.  The  U S Public 
Health  Service  hoc*  evaluated  'the  needs  'for  twlfer  supply  storage  and 
water  quality  control  storage  at  the  proposed  reservoir  as  indicated 

in  Appendix  F,  Exhibit  F-6.  The  water  supply  and  water  quality  centred 
needs  considered  for  solution  by  the  reservoirs  arc  discussed  in 
Section  V and  the  benefits  briefly  described  in  the  following  para- 
graphs. Since  the  water  quality  control  releases  from  Lincoln  and 
Patoka  Reservoirs  are  assumed  to  continue  downstream  undimir.ished  the 
benefits  therefrom  are  considered  to  be  widespread  and  to  be  a Federal 
responsibility. 

(1)  Lincoln  Reservoir  Storagt  of  5,300  acre- -feet  has  been 
allocated  to  water  supply  and  water  quality  control  to  meet  low  fl  w 
objectives  along  the  Embarrass  and  Wabash  Rivers.  The  benefits  at- 
tributable are  computed  as  the  alternate  cost  of  meeting  these  require- 
ments by  single  purpose  projects  at  the  Lincoln  Reservoir  site  and  arc 
estimated  at  $44,000  and  $11,CC0  annually,  for  water  quality  control 
and  water  supply  respectively. 
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(2)  Clifty  Creek  Reservoir.  Kro  initial  water  conservation 
storage  included  in  project  plan. 

(3)  Patoka  Reservoir. Benefits  for  water  quality  control 
and  vater  supply  have  been  deteimined  as  equal  to  the  cost  of  con- 
struction and  operation  of  alternate  single  purpose  reservoirs  which 
would  provide  the  same  downstream  flows  as  the  multi-purpose  plan. 
These  benefits  are  estimated  at  $219,000  for  water  quality  control 
and  $344,000  for  water  supply,  annually.  Additional  data  is  presented 
in  Appendix  B. 

g.  Summary  of  benefits.  Construction  of  the  three  proposed 
reservoirs  will  substantially  reduce  flood  damages  in  the  areas  below 
the  reservoirs  and  in  conjunction  with  existing  reservoirs  ar.d  those 
under  construction  will  assist  in  reducing  flood  damages  along  the 
'..’abash  and  lover  Ohio  Rivers.  Benefits  to  general  recreation  will 
accrue  as  a result  of  the  provision  of  water  areas  and  recreation 
facilities  at  ar.d  adjacent  to  the  reservoirs.  FIs',  and  wildlife  rec- 
reation will  be  enhanced  by  pool  and  tail  water  fishing.  Additional 
storage  vill  be  provided  in  Lincoln  and  Patoka  Reservoirs  for  water 
supply  and  vater  quality  control.  Summarized  in  table  13  are  the 
estimated  benefits  that  will  accrue  to  the  proposed  reservoirs. 
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TABLE  13.  SUMMARY  CF  ANNUAL  BENEFITS 
CF  RESERVOIR  PROJECTS 


Item  of  tenc-fit 

Reservoir  benefit  ($1,CC0) 
Lincoln  Clifty  Creek  Fatoka 

Flood  control 

Present 

1,2C0  t1) 

349 

330 

Future  growth 

690 

201 

190 

Subtotal,  flood  control 

1 890 

550 

520 

Recreation 

General 

Initial 

425 

2C0 

400 

Future  increment  (2) 

440 

391 

619 

Subtotal,  general  recreation 

865 

591 

1,019 

Fish  and  wildlife 

99 

26 

130 

Subtotal,  recreaticn 

964 

617 

1,149 

Water  supply 

11 

- 

344 

Water  quality  control 

44 

- 

219 

TOTAL  BENEFITS 

2,909 

1,167 

2,232 

(1)  Includes  $16  CCO  tend' its  along  the  Chiu  River 

(2)  Discounted  to  present  value 
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ECONOMIC  JUSTIFICATION . 


The  three  reservoirs  studied  for  this  report  are  each  justified 
on  the  basis  cf  tangible  benefits  v/hich  v.dll  accrue  from  its  opera- 
tion. Likevn.se,  each  purpose  of  the  multiple  purpose  projects  is 
justified  on  the  same  basis . Table  14  summarizes  the  estimated 
average  annual  benefits  and  charges  of  each  project  and  each  project 
purpose . 


TABLE  14.  COMPARISON  CF  BENEFITS  AND 
COSTS  FOR  RESERVOIR  PROJECTS 


Reservoir 

Annual 

Annual 

Benefit 

and 

benefits 

costs  (1) 

to 

purpose 

($1,CC0) 

($1,CC0) 

cost  ratio 

Lincoln 


Multiple  purpose 

2,9C9 

1,453 

2.0 

Flood  control 

1,890 

781 

2.4 

Recreation  (2) 

964 

531 

1 8 

Water  supply 

11 

9 

1.2 

Water  quality  control 

44 

25 

1.8 

Ulifty  Crc^k 

Multiple  purpose 

1,167 

726 

1 6 

Flood  control 

550 

404 

1.4 

Recreation  (2) 

617 

303 

2.0 

natoka 

Multiple  purpose 

2,232 

1,013 

2 2 

Flood  control 

520 

254 

2.0 

Recreation  (2) 

1,149 

575 

2.0 

Water  supply 

344 

145 

2.3 

Water  quality  control 

219 

96 

2 3 

(1)  Multiple  purpose  annual  coots  are  total  annual  economic  costs, 
annual  costs  for  separate  purposes  are  based  on  total  allocated 
financial  coots. 

(2)  Includes  initial  and  future  increment  stages  of  general  recrea- 
tion and  fish  and  midlife  recreation. 


Recreation  c'Sts  and  benefits  used  in  project  analysis  include 
costs  at  each  site  for  two  stages  of  development..  The  init'al  stages 
include  the  total  real  estate  costs  for  that  purpose  and  the  cos ‘.a  of 
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facilities  which  would  be  required  in  the  first  five  years  of  project 
operation  The  future  increment  stages  include  the  estimated  costs 
of  additional  facilities  to  meet  public  needs  during  the  entire 
project  life.  The  future  incremental  costs  are  discounted  to  present 
value  by  an  average  annual  equivalent  factor  based  en  ICO-year  ac- 
celerated growth.  The  recreation  costs  are  based  on  studies  of  the 
recreation  potential  at  each  of  the  proposed  reservoir  sites  by  the 
Bureau  of  Outdoor  Recreation.  The  Bureau  of  Outdoor  Recreation's 
report  is  included  as  a part  of  Appendix  F. 

35 . PROJECT  FORMULATION. 

The  Wabash  River  Basin,  including  the  White  River  Basin,  has  been 
subject  to  frequent  floods  of  long  duration  for  many  years.  A system 
of  agricultural  levees,  local  urban  pr  and  reset 

has  been  formulated  durin^  past  investigations  which  partially  meets 
the  needs  of  the  basin.  The  locations  of  the  authorized,  under  con- 
struction and  recommended  projects  are  shown  on  plate  1 ar.d  discussed 
elsewhere  in  this  report.  Flood  protection  and  allied  benefits  are  pro- 
vided by  these  projects.  However,  as  indicated  in  the  preceding  tal !• 

6,  the  residual  flood  damages  with  consideration  ,ivcr.  to  the  reser- 
voirs and  levee  projects  expect*  1 to  be  i Lon  in  the  near  future 

along  the  reaches  downstream  from  th(  propose  1 I.incol 
and  Patoka  Reservoirs,  amount  to  an  average  f ',2w7,CC' ' annually. 
Reduction  of  these  floe  1 damages  app< ars  . 

resources  problem  in  the  basin  at  this  time,  foque:  : iai  development, 
of  the  basin  resources  to  reduce  these  damages  Ls  in  a*  : 
the  expressed  desires  of  State  and  other  public  officials  and  loea . 
interests.  Preliminary  studies  of  man;  Lr  i thr 

out  the  basin  indicate  that  the  immediate  and  mar  future  needs  are  most 
urgent  for  the  projects  developed  in  this  r<  . rt  The  sites  recommended 
as  discussed  in  other  sections  and  appendices,  ar  considered  to  t 
most  reasonable  ar.d  practical. 

In  addition  to  flood  contrc  I needs  Lon  of 

the  project  features  of  I inc  ir. . Clift;  reek  i tol  . B £ , , irs  1 
given  cons i deration  to  multiple  pur]  s<  Indicated  need* 

for  water  su] ' or  quality  c 

life.  With  the  possible  exception  of  wat<  r i ■ . 

the  Patoka  site,  data  developed  for  projee  purposes  *l.cr  thar.  fi-.. 
control  as  to  needs  and  values  are  preliwi nnr;  u this  tit,'  . Tins  Lr 
due,  primarily  to  need  for  reexamination  in  relation  >.■.  uJisii- 
ments  of  other  projects  as  yet  unidentified,  which  ..ill  be  • i.ts 
of  the  comprehensive  basin  plan.  Benefit  evaluati  ar.  v<  r, 

• nservative.  In  view  of  this  sil  ation  i ■ . • • 

sary  or  appropriate  to  consider  a range  ..f  capacities  ;r  valuer  f-.r 
certain  functions  such  as  recreation,  wi.t  . s ill  ■>  ar..  • : in 
pool  levels  would  have  no  significant  effect  en  ov<  rail  project  sc  . 

Such  studies,  for  the  projects  concerned  ..  vein  car.  test  . ; ; <r>x 

depending  on  project  authorization,  durii  i.v<re  ietaib  1 pr*  -<*-  »,•* 

planning. 


Lincoln  Reservoir  site,  as  discussed  in  paragraph  28,  is  the 
most  suitable  site  in  the  Embarrass  River  basin,  an  area  characterised 
by  a lack  of  reservoir  storage  opportunities . Maximum  flood  control 
pool  elevation  selected  for  the  project  conforms  to  the  level  recom- 
mended in  1944  as  a result  of  detailed  studies  performed  when  the 
project  v/as  in  authorized  status.  This  pool  level  would  provide  max- 
imum practicable  storage  without  serious  effect  on  the  better  farm- 
lands in  the  upper  reaches  of  the  reservoir.  The  selected  minimum 
pool  elevation  is  based  on  a suitable  allowance  for  silt  accumulation 
and  the  conservation  pool,  1.6  feet  above  the  minimum  pool,  provides 
for  storage  above  the  minimum  pool  level  to  meet  preliminary  estimates 
of  water  supply  and  water  quality  needs. 

In  accordance  with  design  of  other  projects  in  the  Wabash  Easin 
and  because  the  summer  flood  potential  is  less  than  that  of  the  winter 
season,  it  would  be  practicable  to  establish  a summer  seasonal  pool 
somewhat  higher  than  the  conservation  pool  in  the  interests  of  recrea- 
tion ar.d  fish  and  wildlife.  This  seasonal  pool,  as  limited  by  summer 
runoff,  is  that  which  can  be  achieved  three  years  out  of  four,  and  in- 
volves no  significant  costs  as  it  falls  within  the  flood  control  storage 
range . In  the  case  of  Lincoln  the  seasonal  pool  level  would  be  seme  12 
feet  higher  than  the  conservation  pool  and  would  afford  about  2,CC0 
acres  of  additional  pool  area . 

Within  the  limits  of  storage  proposed  herein  for  the  Lincoln 
Reservoir,  studies  of  lesser  amounts  of  flood  control  storage  were  made. 
While  these  studies  indicated  that  the  top  increment  of  storage  for 
flood  control  would  have  a benefit-cost  ratio  slightly  less  than  unity, 
control  of  the  flood  of  record  is  considered  to  he  an  overriding  factor 
in  avoidance  of  a false  sense  of  security,  and  to  fully  justify  the 
storage  proposed.  Loss  of  life  in  Newton.  Illinois  resulted  from  the 
1950  flood.  As  noted  on  page  66  the  project  as  formulated  and  all 
project  functions  arc  well  justified.  In  further  support  of  the  stor- 
age proposed,  maximum  development  of  the  storage  potential  of  the  site 
as  proposed  is  desirable  because  of  the  lack  of  other  storage  poten- 
tials in  the  area  and  to  provide  flexibility  for  future  increases  in 
conservation  storage  allocations  for  irrigation  or  other  needs  r.ot  now 
foreseen  on  the  basis  of  preliminary  appraisals. 

The  capacity  of  Cliffy  Creek  Reservoir  is  lim  ' ed  by  the  town  of 
Hartsville,  to  an  amount  less  than  would  be  desira. le  for  flood  con- 
trol. Accordingly,  to  realize  the  maximum  use  of  the  available  c:  acit; 

, ■ -controlled  spi  way  i:  pro]  sed  i ha  pool  ris  j ss 
exceeding  the  reservoir's  capacity  is  largely  eliminated  The  , rojoct 

as  uroposed  would  control  r i'iood  of  50-year  average  frequency.  The 
minimum  pool  level  lias  beer,  set,  in  the  interest  of  providing  maximum 
active  storage  space1  at  the  lowest  level  consistent  with  pro*  • r a ■ iov- 
’or  siltation.  rhe  minimum  do]  v<  iblishei 
of  the  seasonal  pool,  which  is  provided  in  the  interest  of  recreate 
and  can  be  filled  three  years  out  of  four,  dependent  cn  volume  of  cum- 
mer runoff . 
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Present  formulation  of  Clifty  Creek  Reservoir  is  based  on  flood 
control,  recreation  and  fish  and  wildlife  purposes  as  outlined  above. 
Other  agencies  have,  however.,  indicated  future  needs  for  water  quality 
and  irrigation  storage.  These  needs  are  discussed  in  Section  V and 
Appendix  F In  one  case  the  Public  Health  Service  proposes  use  of 
seasonal  storage  for  water  quality  control.  Such  use  would  be  at  the 
expense  of  greater  benefits  for  recreation  and  accordingly  is  not  now 
proposed.  Ho  value  is  presently  available  for  storage  for  irrigation, 
and  this  purpose  has  not  been  considered  at  this  time.  With  respect 
to  conservation  storage  in  general,  however,  it  sh  w l ■ 
development  of  the  comprehensive  plan  for  the  abash  Basin  will  involve 
consideration  of  alternate  sites  in  the  vicin. ty  of,  and  upstream  from, 
Clifty  Creek.  In  the  event  that  additional  feasible  reservoir  projects 
in  the  area  are  identified  in  the  future  consideration  '..’ill  be  given 
to  reallocation  of  Clifty  Creek  storage  in  accordance  with  its  most 
beneficial  use  as  then  determined,  and  conservation  storage  in  the 
reservoir  may  then  be  shown  to  be  practicable . 

Purposes  of  Patoka  Reservoir  involved  ir.  project  formulation  ar*- 
flood  control,  water  supply,  water  quality  control,  recrcati  n and 
wildlife  conservation.  This  project  has  been  under  study  by  the 
Indiana  Flood  Control  and  Water  Resources  Commission  which  supports 
project  storage  capacities  presented  nereii  Li  Lving  coi 
storage  in  the  amount  of  167, 5C0  acre  feed  for  water  supply  and  inci- 
dental water  quality  control.  Frovicion  of  storage  for  water  quality- 
control  can,  howeve r deral  r<  ...  Lii  preliminar 

report  by  the  U.  G.  Public  Health  Service  ( 

outlines  a need  and  value,  and  Federal  responsibility  therefor,  in 
Patoka  River.  This  responsibility  is  rec  Indiana  I 

Control  and  Water  Resources  Commission  and  their  assurances  as  to  reim- 
bursement for  water  supply  storage,  although  expressing  interest  ir. 
State  control  of  the  total  conservation  storage  of  167, 5(  a in  -f 
contains  a proviso  that  studies  now  underway  and  future  legislative 
action  may  indicate  that  State  res  Lt;  for  water  q alitj  :ontj 

storage  is  undesirable  or  impossible,  I'ke  State  will  however,  assume 
responsibility  for  costs  of  that  portion  of  the  167,500  acre-fe* 
allocated  to  water  supply.  Accordingly  costs  of  this  storage  have 
been  allocated  to  both  water  quality  at  Federal  oust  and  water  sir  - 
ply,  at  State  cost.  All  concerned  concur  that,  the  amount  of  storage 
provided,  approaching  that  required  for  ccrnpl  .e  regulation  of  runeff 
above  the  dam  site,  is  desirable. 


Flood  control  storage  at  Patoka  Reserv<  !r  si:  would  be  sir.ev- 

s<  1 or  the  nserve  i n storage  discussed  in  the  preceding  pa  . 
graph.  The  amount  proposed  would  control  the  maximum  flood  of  record, 
and  Li  conjunction  with  i ssed  • snserva  ti  n aa  1 . • limi  . . si 
would  fully  utilise  tb.c  storage  potential  of  the  Patoka  site.  Furtb  r 
on  the  basis  of  incremental  analysis,  benefits  of  the  top  increment  >!' 
flood  control  storage  exceed  costs  thereof . Accordingly  wi th  n-cj.ee! 
to  flood  control  and  conservation  storage.  . . eve  1 c jr.c nt  of  Patoka 
Reservoir  site  as  proposed  ;«.>rein  is  cons  Merc  d t.  be  at  : i •:;«  ev  ! 
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Development  of  the  project  in  the  interest  of  recreation  and  fish 
and  wildlife  hinges  primarily  in  the  pool  level  existing  during  the 
summer  recreation  season  Regulation  studies  using  the  conservation 
storage  proposed  indicate  that  little  pool  variation  from  that  for 
the  top  of  this  storage  reservation  will  occur  during  this  period. 

As  limited  by  the  storage  capability  of  the  reservoir  site  and  pro- 
vision of  necessary  flood  control  space,  the  project  as  proposed 
achieves  a summer  pool  area  of  about  8,CC0  acres  and  this  is  con- 
sidered to  be  a practical  maximum  as  far  as  recreation  and  fish  and 
wildlife  benefits  are  concerned. 

The  Federal  Power  Commission  has  indicated,  as  shewn  in  A.pperdix 
F that  although  hydroelectric  power  is  not  economically  feasible  at 
this  time  for  any  of  the  three  reservoirs  this  feature  should  be  re- 
examined in  later  detailed  design  studies. 

As  shown  in  Table  14,  preceding,  each  project  and  each  purpose  is 
justified  by  a wide  margin  Since  the  maximum  capabilities  of  the  best 
reservoir  sites  in  the  areas  considered  are  proposed  to  be  developed 
he  plan  herein  is  considered  to  be  compatible  rath  the  over-all  de- 
- eloT:ment  of  the  water  resources  of  the  Y/abash  River  Basin. 


SECTION  VIII  - ALLOCATION  AND  APPORTIONMENT  OF  COSTS 
36.  ALLOCATION  OF  COSTS  BETWEEN  PURPOSES 

Allocations  of  costs  for  each  reservoir  project  have  been  made 
to  obtain  an  equitable  distribution  of  costs  arcoung  purposes  served 
Project  costs  were  allocated  by  the  separable  costs-remaining  benefits 
method.  Estimated  costs  for  the  future  increments  of  general  recrea- 
tion use  have  been  reduced  to  average  annual  equivalent  values  by 
compound  interest  methods  A summary  of  annual  financial  costs  allo- 
cated to  each  project  purpose  is  presented  in  Table  15 . The  costs 
and  procedures  used  in  determining  the  cost  allocations  are  given  ir. 
Appendix  C. 
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37.  APPORTION!®:!  OF  COSTS. 


a . General . Costs  for  features  incorporated  into  the  multiple 
purpose  reservoirs  ai’e  the  responsibility  of  both  Federal  and  r.on- 
Federal  interests  Ir.  accordance  v;ith  general  policy  expressed  in 
applicable  legislation,  the  allocated  costs  for  project  features 
have  teen  apportioned  between  Federal  and  non-Federal  interests. 

b.  Flood  control  costs . All  costs  allocated  to  flood  control 
storage  in  the  three  me?  iple  purpose  projects  are  a Federal  responsi- 
bility in  accordance  with  flood  control  Lav; 

c.  Water  quality  control  costs.  All  costs  of  storage  for  water 
quality  control  in  Lincoln  and  Patoka  Reservoirs , because  of  wide- 
spread be-nefits,  are  the  responsibility  of  the  Federal  government  in 
accordance  with  the  Federal  Water  Pollution  Control  Act,  Amendments  of 
1961. 


d .  Water  supply  ccsts . 

(l)  I incoln  Reservoir.  All  costs  apportioned  to  water  sup- 
ply storage  included  in  Lincoln  Reservoir  are  the  responsibility  of 
non-Federal  interests  in  accordance  with  the  Water  Supply  Act  of  1958 
(Title  III  of  Fublic  La1./  95-500) . The  non-Federal  share  of  first 
costs  is  Q.75  percent  of  the  total  construction  costs,  or  $249,000, 
Operation,  mainrc-nance  and  major  replacement  costs  allocated  t this 
function  are  too  small  t be  listed  separately  ar:d  the  annual  equiva- 
lents have  been  included,  in  the  construct!  :n  cests. 


(2)  Patoka  R. servoir.  All  costs  allocated  to  water  supply 
storage  in  the  Patoka  Reservoir  are  apportioned  to  non-Federal  inter- 
ests in  accordance  with  the  Water  Supply  Act  of  1958  (Title  III  of 
Public  Lav;  £5-500).  Tbe  non-Federal  share  of  first  costs  is 
13.24  percent  of  the  total  construction  costs  or  $3,^58,000.  The 
non-Federal  share  of  -nr.val  operation,  maintenance  and  major  repluce- 
■ ■ 5 ' 1 percent  f tl  tol  r $10,000.  The  present  Lu< 

of  a lump  sixi  payment  of  these  operation,  aaiEter.un<N  .nd  major  re- 
placement :osts  ■ ; ] stimated  t< 

e.  General  and  fish  and  wildlife  recreation  costs.  In  accordance 
with  present  cost  sharing  procedure  as  r.ccn'mcnded'ty Tf.  R.  9032 
lection  1 (c),  88th  Congress  all  costs  associated  with  tliis  feature 
are  apportioned  to  the  Federal  Government 


SECTION  IX  - PROPOSED  LOCAL  COOPERATION 


38.  FLOOD  CONTROL. 

In  accordance  with  long-standing  standard  practice,  all  costs 
attributable  to  flood  control  in  a multiple  purpose  project  are  a 
Federal  responsibility.  Benefits  creditable  to  flood  control  ex- 
pressed as  a percentage  of  total  project  costs  for  Lincoln,  Clifty 
Creek  and  Patoka  Reservoirs  are  129,  75,  and  50,  respectively. 

In  order  to  maintain  the  flood  control  effectiveness  of  the 
reservoirs  considered  in  this  report,  local  interests  should  be 
charged  with  the  responsibility  of  preventing  encroachments  and  ob- 
structions which  would  reduce  the  flow-carrying  capacities  of  the 
channels  downstream  of  the  dams  on  the  Embarrass  River,  Clifty 
Creek  and  Patoka  River 

39.  GENERAL  RECREATION. 

In  accordance  with  standard  practice,  the  costs  for  general 
recreation  facilities  required  to  provide  for  public  access  to  and 
full  recreation  use  of  project  impoundments  are  Federal  costs.  The 
benefits  claimed  are  both  widespread  ar.d  regional  in  nature. 

40.  FISH  AND  WILDLIFE  RECREATION. 

No  reimbursements  or  other  items  of  local  cooperation  toward 
fish  ar.d  wildlife  facilities  are  proposed  for  the  three  reservoir 
projects  considered  herein.  It  is  considered  that  the  additional 
cost  to  the  Federal  government  for  including  Fish  and  Wildlife 
Recreation  features  in  the  reservoir  project  plans  is  consistent 
with  the  regional  nature  of  the  benefits  to  be  derived  from  the 
use  of  these  facilities.  The  amount  of  joint  project  costs  for 
Lincoln,  Clifty  and  Patoka  Reservoirs  allocated  to  general  recrea- 
tion ar.d  fish  and  wildlife  is  estimated  at  about  12,  2 and  3 
percent  of  the  total  project  costs  of  these  projects,  respectively. 

41.  WATER  SUPPLY. 

Repayment  of  costs  allocated  to  water  supply  storage  is  an 
item  of  local  cooperation.  Inclusion  of  water  supply  as  a pur- 
pose of  the  Patoka  ar.d  Lincoln  Reservoirs  proposed  herein  has  been 
discussed  elsewhere  in  this  report.  Repayment  of  construction  and 
annual  costs  allocated  to  water  supply  may  be  made  either  in  lump 
Siam  amounts  or  in  annuel  payments  beginning  with  use.  In  the 
case  of  future  use.  a 10-year  interest  free  period  is  allowed  in 
establishing  the  costs  to  be  returned. 

In  the  case  of  Lincoln  Reservoir  the  City  of  Charleston. 
Illinois,  has  expressed  the  intent  of- purchasing  storage  in  Lincoln 
Reservoir,  Exhibit  F-9  of  Appendix  Fisa  letter  fven  the  Mayor 
of  Charleston  conveying  this  information. 
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With  respect  to  Patoka  Reservoir  the  State  of  Indiana,  through 
the  Indiana  Flood  Control  and  'Water  Resources  Commission,  has  ex- 
pressed interest  in  acquiring  rights  to  the  167, 500  acre-feet  of 
storage  between  minimum  pool  elevation  506  and  conservation  pool 
elevation  536.  Their  letter  on  this  subject,  Exhibit  F-10  of  Appendix 
F,  cites  certain  legislative  authorities  in  this  regard,  including 
sale  of  water.  The  Commission  has  also  made  detailed  regulation 
studies  using  the  167, 500  acre-foot  storage  and  strongly  advocates 
development  of  this  total  amount  in  order  to  fully  utilize  the  storage 
potential  of  the  reservoir  site.  The  Commission  recognizes,  ho. .ever, 
that  a Federal  responsibility  exists  for  water  quality  control  on 
Patoka  River  and  is  concerned  with  coordination  of  storages  and  re- 
leases for  water  supply  and  water  quality  control.  They  have,  accord- 
ingly, set  up  a special  committee  to  study  this  situation.  In  the 
interim,  therefore,  the  Commission's  desire  to  acquire  rights  to  all 
of  the  conservation  storage  proposed  as  qualified  by  the  statement 

that  " exact  division  of  allocated  storage  between  water  supply 

and  water  quality  control  be  left  for  later  decision  ".  The 

possibility  exists,  however,  that  the  State  will  ultimately  desire 
control  of  the  total  conservation  storage  allocation. 

In  view  of  the  foregoing  and  for  purposes  of  this  report,  cost 
allocations  for  Patoka  Reservoir  include  both  water  supply  and  water 
quality  control,  and  water  supply  costs  have  been  apportioned  to  the 
State.  Wo  objection  is  seen  to  future  apportionment  to  the  State  of 
costs  allocated  to  water  quality  control  if  they  desire  to  acquire 
rights  to  this  storage  and  would  operate  it  in  accordance  with  the 
water  quality  control  objectives  stipulated  in  this  report.. 

In  accordance  with  the  foregoing,  apportionment  of  costs  to  the 
State  for  water  supply  only  would  amount  to  15.24  percent  of  the 
construction  costs,  or  $3,658,000,  and  3 percent  of  the  annual  opera- 
tion, maintenance  and  replacement  costs,  or  $10, COO.  If  the  State 
later  elects  to  acquire  rights  to  storage  allocated  to  water  quality 
control  additional  costs  involved  would  be  10  percent  of  construc- 
tion costs  or  $2,438,000,  and  2 percent  of  the  annual  costs  for 
operation,  maintenance  and  replacements. 


SECTION  X - COORDINATION  WITH  OTHER  AGENCIES 

42.  GENERAL. 

The  follov.ing  paragraphs  summarize  the  reports  and  studies  con- 
ducted for  this  Interim  Report  by  the  various  Federal  and  non-Federal 
agencies  that  are  cooperating  in  the  '.Vabash  River  Basin  Comprehensive 
Study.  Reports  received  from  the  Federal  agencies  are  contained  in 
Appendix  F. 

43.  SOIL  CONSERVATION  SERVICE. 


The  Soil  Conservation  Service,  United  States  Department  of 
..griculture,  has  made  reconnaissance-type  studies  of  the  river  basins 
of  the  three  reservoir  projects  considered  herein  and  thei”  findings 
are  contained  in  a sequence  of  letters  included  in  Appendix  F,  Exhibit 
F-l.  Brief  resumes  for  each  project  basin  are  as  follows : 

a.  Lincoln.  Storage  opportunities  in  the  Embarrass  River  Basin 
a cove  Lincoln  Reservoir  site  are  ext'/emely  limited;  however,  eleven 
small  watersheds  were  evaluated  and  consideration  was  given  to  sixteen 
potential  impoundment  sites.  Of  these,  only  9 would  provide  sufficient 
floodwater  storage  for  drainage  area  controlled.  These  nine  show  a 
combined  storage  of  22,912  acre-feet  available  for  other  uses.  No 
assessment  has  been  made  of  multiple  use  benefits.  Only  four  of  1!. 
sites  would  be  affected  by  Lincoln  Reservoir  and  these  were  found  to 

be  unfeasible  with  or  without  Lincoln  Reservoir.  The  principal  Soil 
Conservation  Service  structural  program  to  alleviate  flood  and  drainage 
problems  would  involve  channel  improvements  of  upstream  tributaries. 
There  is  no  conflict  between  Lincoln  Reservoir  and  5C3  projects  upst:  wu 
of  Lincoln  Reservoir  for  lands  that  would  not  ..ormally  be  acquired  for 
the  reservoir  project. 

b.  Clifty  Creek.  Due  to  topographic  conditions,  general l • 
limited  flood  plain  areas  and  types  of  projects  that  on  c 
sidered,  an  upstream  watershed  project  would  not  be  fee si  ole  on  the 
main  stream  area  of  Clifty  Creek.  Furthei  consideration  will  be 
given  to  upstream  watershed  project  potentials  in  the  Clifty  Creek 
'watershed,  generally  above  Milford,  Indiana,  Fall  Fork  a. cvw  the 
Bartholomew-Pecatur  County  line,  and  on  Duck  Creek  for  the  .Vabash 
River  Basin  Comprehensive  Study.  Clifty  Creek  Reservoir  ..ill  not 
affect  these  projects.  It  is  recommended  that  land  c nservan'on 
treatment  measures  be  accelerated  to  stabilize  potential  sediment 
source  areas  through  the  reduction  of  sheet  and  gully  erosion  and 
proper  land  utilization.  Irrigation  studies  indicate  thal  < < ■ 
there  are  220  acres  and  E90  acres  being  irrigated  along  Clifty  Crc  k 
and  the  East  Fork  of  the  White  River,  respectively.  Ther  Is  pote  :- 
tial  for  additional  irrigation  needs  in  the  Clifty  Creek  basin. 

Further  irrigation  evaluations  will  be  made  for  tlu  final  '.abash  River 
Basin  Comprehensive  Study  Report. 

c.  Patoka . T1  e pi  of  the  Patoka 

that  above  Jasper,  India.:'.,  Twenty  potential  u r>  am  i ou  dr<  -1 
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structures  and  about  57  miles  of  channel  improvements  we re  considered. 
The  projects  are  not  justifiable  on  the  basis  of  flood  control  only. 

Mo  extensive  irrigation  requirements  along  the  Patoka  River,  below 
the  proposed  reservoir,  are  expected  to  develop  in  the  near  future. 
Future  studies  will  consider  additional  small  watershed  project  poten- 
tials in  the  Fatoka  River  Basin  below  Jasper,  Indiana. 

44.  GEOLCGIGAL  SURVEY 

The  Geological  Survey,  United  States  Department  of  the  Interior, 
has  made  preliminary  reports  on  ground  water  resources  of  the  Embarrass 
and  Patoka  River  basins  and  a brief  letter  report  on  Clifty  Creek 
basin.  These  reports  are  contained  in  Appendix  F,  Exhibit  F-2  and 
summarized  in  the  following  subparagraphs. 

a.  Lincoln.  The  dry-weather  yield  of  the  basin  is  small,  es- 
pecially above  the  proposed  dam  site.  Ground  water  quality  is 
generally  good  but  becomes  poorer  at  increasing  depths.  There  are  some 
areas  of  apparent  loss  of  water  from  the  stream  to  ground  water  or  by 
evapo-transpiration  above  the  dam  site,  .ireas  of  loss  coincide,  in 
general,  with  areas  underlain  by  buried  bedrock  valleys  filled  with 
unconsolidated  deposits,  indicating  that  losses  may  be  to  these  de- 
posits. An  area  of  loss  about  1.5  mile3  above  the  dam  site  is  located 
at  the  intersection  of  a buried  valley  with  the  channel  of  the  Embarrass 
River.  Water  lost  to  this  buried  valley  would  probably  be  returned  to 
the  stream  below  Ste.  Marie. 

b.  Clifty  Creek.  There  are  no  public  water  supplies  within  the 
basin,  but  there  are  three  just  outside  the  basin  at  Columbus, 
Greensburg,  and  Hope.  Greensburg  uses  both  ground  and  surface  water 
supply.  Other  areas  use  ground  water  sources.  Ground  water  supplies 
are  generally  within  50  feet  of  the  surface;  chemical  quality  is  good 
but  decreases  with  depth.  Yields  are  generally  higher  in  the  area 

at  the  lower  end  cf  the  basin,  near  Columbus,  but  no  definite  data  are 
new  available  as  to  future  adequacy  of  ground  water  supply. 

c.  Patoka.  Report  conclusion:  Because  of  the  luck  of  natural 

subsurface  storage  and  permeable  aquifers,  the  only  means  of  obtaining 
yields  greater  than  0.6  cubic  feet  per  second,  which  represents  the 
ilov/  of  Patoka  River  at  the  dam  site  that  is  exceeded  90  percent  of 

the  time,  is  the  construction  of  a reservoir  in  the  basin  to  store  water 
and  improve  its  quality. 

4 5.  FISH  AND  WILDLIFE  SERVICE,  BUREAU  OF  SPORT  FISHERIES  AMD  ..1LDLIFE 

The  effects  of  the  projects  considered  herein  upon  fish  and  wild- 
life resources  have  been  evaluated  by  the  Bureau  of  Sport  Fisheries 
and  Wildlife,  Fish  and  Wildlife  Service,  United  States  Department  of 
the  Interior.  A letter  repo  t on  each  of  the  reservoir  projects  is  in- 
cluded in  Appendix  F,  Exhibit  F-3.  Recommendations  of  the  reports 
K nerally  cover  detailed  matters  affecting  fish  and  wildlife  resources 
ar.d  are  submitted  for  advance  consideration  to  facilitate  post- 
authorization  planning.  Copies  of  the  District  Engineer's  comments  on 
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the  recommendations  contained  in  these  reports  are  included  with  the 
reports.  The  District  Engineer  generally  concurs  with  the  Fish  and 
Wildlife  Service's  recommendations,  with  the  exception  of  acquisition 
of  wildlife  mitigation  lands  at  Patoka  Reservoir.  Acquisition  of  the 
recommended  7/ildlife  mitigation  lands  cannot  be  justified  for  the 
following  reasons: 

a.  Based  on  an  estimated  net  loss  of  392  hunter-days  annually 
due  to  construction  of  Patoka  Reservoir,  cost  cf  the  recommended 
mitigation  lands  would  amount  to  $30  per  hunter-day  which  is  con- 
sidered excessive. 

b.  The  mitigation  land  recommendation  introduces  a concept  of 
repla~ement-in-kind  for  each  type  of  pre-project  recreation.  All 
recreation  shares  in  the  cost  of  the  project.  Proposed  replacement- 
in-kind  requires  that  an  additional  cost  be  imposed  on  the  recreation 
purpose  of  the  project,  ouch  costs  appear  to  be  broad  economic  or 
social  costs  rather  than  financial  costs  in  terms  of  project  analysis. 

c.  It  is  also  considered  that  significant  gains  could  occur  in 
hunter  use  of  public  project  lands  in  contrast  to  their  limited  use 
under  private  ownership. 

Constructio  of  the  reservoir  projects  considered  herein  would 
with  proper  facilities  and  managem.ent,  result  in  substantially  increased 
fishing  benefits  in  the  project  areas.  summary  of  the  fishery  and 
wildlife  data  presented  by  the  Fish  and  Wildlife  Service  is  as  follows: 

SUMMARY  CF  FISHERY  HD  WILDLIFE  D.TA 


Reservoir 

Estimated 
Increase 
in  Annual 
.ingler-Days 

Tail- 

Pool  ( 1 ) woter(2) 

Total 

Loss  in 
Upland 
Game 
Hunting 
! '.or.-days 

Gain  in 
Waterfowl 
Hunting 
Man-days 

Increase  in 
Huntinr 
Man-days 

Lincoln 

74 , 4C0 

10,655 

85,055 

300 

600 

3CC 

Clifty  Creek 

18 , £ 50 

4,C0C 

22,850 

160 

100 

_ 

Patoka 

106, 500 

14,420 

120,920 

2,065 

1,673 

- 

(1)  Assuming  good  fishery  management  including  adequate  angler  access 
and  facilities,  and  considering  yearly  filling  frequency  fluctua- 
tions. 

(2)  ..spuming  adequate  management  facilities,  including  angler  access 
multiple  level  outlets  and  satisfactory  volume  of  releases  are 
provided. 


46.  BUREAU  CF  OUTDOOR  RECREATION 


The  recreation  potentials  of  the  projects  considered  herein 
have  been  studied  by  the  Bureau  of  Outdoor  Recreation,  United  States 
Department  of  the  Interior.  Reconnaissance  reports  on  each  of  the 
reservoir  projects  and  comments  of  the  Forest  Serv'  e on  the  Patoka 
report,  the  State  of  Indiana  on  the  Patoka  and  Cli.'ty  Creek  reports, 
and  the  State  of  Illinois  on  the  Lincoln  report,  are  included  in 
Appendix  F,  Exhibit  F-4  and  summarized  in  the  following  paragraphs. 

General  recreational  activities  provided  for  at  the  reservoir 
projects  considered  herein  should  include  sightseeing,  picnicking, 
swimming,  boating  and  camping  activities.  The  total  amount  of  land 
required  for  these  activities  and  the  estimated  maximum  future  annual 
visitation  is  indicated  in  the  following  tabulation: 

Land  Required  Estimated  Maximum  Future 

(..cres).-^  Yearly  Visitation  (Feople) 

Lincoln  5,  CCO  1,1CC,CC0 

Clifty  Creek  CCO  800, CCO 

Patoka  4, COO  1,350, OCC 

l/  Includes  normal  acquisition  for  project  access  in  the  specific 
— areas  proposed  for  development. 

The  District  Engineer  is  in  general  agreement  with  the  proposals 
of  the  Bureau  of  Outdoor  Recreation  except  that  part  2 of  recommenda- 
tion B of  each  report,  pertaining  to  the  development  and  administra- 
tion of  the  recreation  lands  by  the  3tate  Departments  of  Conservation 
and,  in  the  case  of  Patoka,  the  United  States  Forest  Service  is  be- 
lieved to  be  a policy  matter  involving  negotiations  that  can  best  be 
accomplished  during  post-authorization  planning. 

47.  BUREAU  OF  MINES 

The  Bureau  of  Mines,  United  States  Department  of  the  Interior, 
has  made  an  appraisal  of  the  oil  and  mineral  deposits,  present  and 
future  oil  and  mineral  production  and  reciprocal  effects  of  the  reser- 
voir projects  proposed  herein.  A brief  resume  for  each  project  basir. 
is  as  follows: 

a.  Lincoln.  Mineral  commodities  produced  in  the  reservoir 
counties  of  Coles,  Douglas  and  Cumberland  are  (l)  limestone,  (2) 
sand  and  gravel  and  (3)  coal.  The  reservoir  area  lies  about  midway 
between  two  oil  pools  that  are  approximately  20  miles  apart. 

Limestone  quarries  pi’oducing  products  valued  at  $566, 0C0  in  1362 
would  be  inundated  at  the  629-foot  maximum  flood  control  level.  Waste 
stripping  could  be  used  by  quarry  operators  to  form  dikes  which  would 
provide  protection  at  seasonal  reservoir  levels  and  during  minor  flood 
conditions  or  quarrying  can  be  limited  to  higher  elevations  with  in- 
crease in  stripping  costs.  Consideration  should  be  given  to  obtaining 
flowage  easements  for  quarry  areas;  if  agreeable  to  operators. 
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No  strip  coals  occur  in  the  reservoir  area.  The  estimated  depth 
of  the  top  coal  bed  is  960  feet.  The  overburden  over  the  coal  is  ade- 
quate and  sufficiently  competent  to  permit  mining  under  the  reservoir 
provided  adequate  safeguards  are  utilized. 

There  is  no  oil  or  gas  production  in  the  reservoir  area.  Lack 
of  oil  potential  is  indicated  by  the  large  number  of  dry  wells  drilled. 

b.  Clifty  Creek.  Clifty  Creek  Reservoir  is  in  an  area  of  negli- 
gible mineral  potential.  Surface  deposits  of  other  than  limestone  or 
sand  and  gravel  are  not  known.  The  limestone,  sand  and  gravel  deposits 
are  not  considered  commercial.  Limestone  that  has  produced  oil  and  gas 
occurs  beneath  the  reservoir  area.  Test  holes  drilled  in  the  reservoir 
area  have  been  dry  holes  and  all  evidence  indicates  that  oil  reserves 
do  not  exist  beneath  the  reservoir.  Possibility  of  future  gas  produc- 
tion is  considered  remote. 

c.  Patoka.  There  are  no  raining  or  oil  production  activities 

in  the  proposed  Patoka  Reservoir  area.  There  is  some  mineral  resource 
potential  in  the  inundated  reservoir  area.  Gypsum  and  oil  are  produced 
in  the  vicinity  of  the  reservoir  area.  The  reservoir  area  has  been 
tested  for  oil  and  several  dry  holes  have  been  drilled.  Oil  drillings 
have  indicated  that  gypsum  beds  underlie  the  reservoir  area;  but  since 
the  present  nearby  gypsum  operations  have  high-grade  gypsum  reserves 
sufficient  for  many  decades,  need  for  gypsum  production  in  the  reser- 
voir area  is  not  probable.  There  is  no  coal,  limestone  or  other  com- 
mercial mineral  production  in  the  Patoka  Reservoir  area. 

The  Bureau  of  Mines  has  not  indicated  any  water  needs  or  pollu- 
tion loads  from  mining  operations  or  water-flooding  oil  recovery  opera- 
tions in  the  areas  tributary  to  the  reservoir  basins.  The  complete 
letter  reports  from  the  Bureau  of  Mines  are  presented  in  Appendix  F, 
Exhibit  F-5. 

46.  PUBLIC  HEALTH  SERVICE 

The  Public  Health  Service,  United  States  Department  of  Health, 
Education  and  Welfare  has  made  a general  appraisal  study  of  the  poten- 
tial needs  and  value  of  water  for  municipal,  industrial  and  water 
quality  control  purposes  for  the  river  basins  of  the  three  reservoir 
projects  considered  herein.  The  reports  on  each  reservoir  project 
are  included  in  appendix  F,  Exhibit  F-6.  Brief  resumes  for  each  project 
are  as  follows: 

a.  Lincoln . ..dditional  municipal  and  industrial  water  supply 
needs  in  the  area  above  Lincoln  Reservoir,  principally  from  the  City 
of  Charleston,  are  predicted,  on  a preliminary  basis  by  the  Fublic 
Health  Service,  to  read.  0.7  to  1.5  mgd  (million  gallons  per  day)  by 
the  year  1976  and  4.4  to  9.6  mgd  by  the  year  2010.  For  the  area  below 
the  reservei*',  water  supply  needs  are  expected  to  read  1 .2  to  1.5  mgd 
by  1976  and  2.4  to  2.6  mgd  by  2010.  it  is  rec< mmended  that  the 
..ater  release  for  water  quality  control  be  at  least  equal  to  the  minimum 
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consecutive  seven-day  average  flow  having  a recurrence  of  once  in 
5 years  at  Newton,  Illinois.  This  is  about  21  cubic  feet  per  second. 


The  pi’oposed  plan  for  Lincoln  Reservoir  includes  storage  allo- 
cation of  5,3CO  acre-feet  to  meet  the  preliminary  objectives  cited 
above,  and  timing  of  needs,  generally  in  accordance  with  dates  set 
forth,  has  been  used  in  project  analysis.  The  storage  indicated  is 
obtainable  in  1.6  feet  of  pool  height  between  minimum  and  conserva- 
tion pool  levels.  If  adjustment  of  this  storage  is  necessary  in  the 
future  to  conform  to  final  water  supply  and  water  quality  requirements, 
detailed  studies  associated  therewith  will  be  accomplished  in  post- 
authorization planning. 

b.  Clifty  Creek.  No  needs  for  water  supply  storage  in  Clifty 
Creek  RFservcir  are  indicated  at  this  time.  The  City  of  Hsrtsville, 
which  has  no  municipal  water  supply  or  sewage  disposal  systems,  is 
expected  to  find  it  necessary  to  build  both  utilities  if  and  when 
Clifty  Creek  Reservoir  is  constructed.  It  is  anticipated  that 
Hartsville  would  be  the  only  community  interested  in  using  the  reser- 
voir for  water  supply.  Such  water  supply  requirements  would  have  an 
insignificant  effect  on  reservoir  storage  since  Hartsville' s adequately- 
treated  wastes  would  be  returned  to  the  reservoir. 

The  Public  Health  Service  estimated  that  a minimum  discharge  of 
from  14  to  20  cfs  from  Clifty  Creek  Reservoir  would  be  required  by 
the  year  2010  for  water  quality  control.  This  discharge  would  be 
needed  to  assimilate  adequately-treated  sewage  effluent  introduced 
into  Clifty  Creek  below  the  dam  site  in  oi’der  to  maintain  suitable 
water  quality  for  w'a ter  supply  for  communities  downstream  on  the  East 
Fork  White  River.  This  effluent  would  be  discharged  from  a new  plant 
constructed  to  serve  suburban  areas  of  the  City  of  Columbus  in  the 
vicinity  of  Clifty  Creek.  Columbus'  alternative  to  a treatment  plant 
on  Clifty  Creek  would  be  to  construct  a lift  station  and  trunk  sewer 
to  the  main  Columbus  sewage  treatment  plant  on  the  East  Fork  of  White 
River.  The  construction  of  a sewage  treatment  plan  on  Clifty  Creek 
has  been  recommended  by  an  engineering  firm  employe]  by  the  City  of 
Columbus,  at  an  estimated  savings  of  $1,835, CCO  (1963  price  levels), 
over  the  cost  of  a lift  station  and  trunk  sewer.  Regardless  which 
sewage  treatment  plan  is  adopted,  additional  dilution  water  will  be 
required  to  obtain  suitable  quality  of  water  for  water  supply  for  the 
City  of  Seymour,  Indiana,  located  on  the  East  Fork  White  River,  down- 
stream from  the  mouth  of  Clifty  Creek. 

The  proposed  plan  for  Clifty  Creek  Reservoir  as  contained  herein 
does  not  provide  specific  storage  for  future  water  quality  control  due 
to  the  reservoir's  limited  storage  capability  and  the  greater  need  for 
storage  for  flood  control  purposes.  Based  on  current  data,  operation  of 
seasonal  storage  impounded  to  provide  the  summer  recreation  pool  would 
r.ot  accommodate  minimum  releases  of  20  cfs  during  the  summer  months  of 
low  inflow  without  loss  of  recreation  benefits  more  than  offsetting 
the  benefits  of  flow  regulation.  Detailed  study  of  this  matter  as 
a part  of  post -an  hhmj  notion  planning  is  indicated.  Future  allocation 
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of  reservoir  space  to  storage  for  water  quality  control  nay  also  be 
possible  through  development  of  additional  flood  control  storage  in 
the  vicinity  to  replace  such  storage  at  Clifty  Creek. 


c.  Patoka.  There  is  a need  in  the  Patoka  River  Basin  for 
additional  stream  flow  to  provide  an  adequate  supply  of  water  of 
quality  suitable  for  municipal  and  industrial  needs.  The  most  critical 
area  of  need  is  between  Jasper  and  Huntingburg. 

The  Public  Health  Service  estimates  that  a minimum  flow  of  68 
cfs  will  be  required  for  water  quality  control  and  that  an  additional 
8.4  cfs  will  be  required  for  water  supply  at  Jasper  by  the  year  2010. 
These  minimum  flows  should  provide  an  acceptable  quality  for  water 
supply  for  downstream  communities  except  that  further  studies  of  acid 
mine  wastes  and  oil  field  wastes  entering  the  Patoka  River  from  Winslow 
to  below  Princeton  may  indicate  that  a flow  of  125  to  2C0  cfs  would  be 
required  at  Princeton  to  provide  a safe  source  of  public  water  supply 
at  Princeton. 

The  plan  for  Patoka  Reservoir  as  proposed  herein  includes  water 
conservation  storage  of  167,500  acre-feet  which  is  sufficient  to  sus- 
tain continuous  concurrent  releases  of  68  cfs  for  water  quality  control 
as  specified  by  the  Public  Health  Service  and  130  for  water  supply. in 
satisfaction  of  needs  expressed  by  the  Indiana  Flood  Control  and 
Water  Resources  Commission. 

49.  FEDERAL  POWER  CO&ilSSION 

The  Federal  Power  Commission  has  made  a preliminary  review  of 
the  hydroelectric  power  potentials  of  the  three  reservoir  projects 
considered  herein.  Their  studies  indicate  that  at  this  time  power 
is  not  feasible  at  either  Lincoln  or  Patoka  although  there  is  some 
potential  for  power  development  in  the  foreseeable  future.  Pumped 
storage  is  a possibility  at  Patoka.  Analysis  of  the  power  potential 
at  Clifty  Creek  Reservoir  indicates  that  power  is  not  feasible  now  or 
in  the  foreseeable  future.  The  complete  letter  reports  of  the  Federal 
Power  Commission  are  presented  in  Appendix  F,  Exhibit  F-7. 

50.  SOUTHEASTERN  POWER  .IMINI STRATI ON 

The  Southeastern  Power  Administration,  United  States  Department 
of  the  Interior,  has  been  informed  of  the  proposed  plans  of  develop- 
ment for  the  reservoir  projects  considered  herein.  Since  hydroelectric 
power  is  not  a feasible  project  purpose  for  the  reservoir  projects 
considered,  no  expressions  of  interest  have  been  received  from  this 
agency. 

51.  FOREST  SERVICE 

Tlans  of  development  for  the  reservoir  projects  considered  hert  in 
have  been  furnished  the  Forest.  Service,  United  States  Deportment  of 
Agriculture,  for  their  review.  . dmini strati ve  boundary  of  the  Hoof',  r 
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National  Forest,  under  jurisdiction  of  the  Forest  Service,  includes 
all  but  a small  part  of  the  lands  proposed  for  acquisition  for 
Fatoka  Reservoir.  The  Forest  Service  is  therefore  preparing  a re- 
port covering  the  impact  of  the  Fatoka  Reservoir  project  upon  the 
Hoosier  National  Forest.  A letter  presenting  principal  recommenda- 
tions from  the  Forest  Service's  preliminary  impact  report  and  the 
District  Engineer’s  reply  thereto  are  included  in  Appendix  F, 

Exhibit  F-8.  The  District  Engineer  concurs  in  general  with  the 
views  of  the  Forest  Service  except  in  connection  with  the  recom- 
mendation that  all  lands  not  needed  for  flood  control  purposes  be 
incorporated  into  the  Hoosier  National  Forest  system,  it  is  be- 
lieved that  management  of  public  use  lands  can  best  be  determined 
in  detailed  design  stages,  if  and  when  the  project  is  authorized. 

52.  BUREAU  OF  FUBLIC  ROADS 

The  required  road  relocations  involved  in  the  reservoir  proj- 
ects considered  herein  have  been  coordinated  with  the  United  States 
Department  of  Commerce,  Bureau  of  Public  Roads  and  suggestions  as  to 
road  adjustments  have  been  received  from  the  Indiana  and  Illinois 
State  High" ay  Departments. 

53-  WABASH  VALLEY  INTERSTATE  COMMISSION 

The  Wabash  Valley  Interstate  Commission  has  assisted  in  pre- 
paration of  this  report  and  is  assisting  in  the  Comprehensive  Study 
through  advice  ds  to  development  needs  and  coordination  of  studies 
with  State  and  local  interests.  The  Wabash  Valley  Interstate 
Commission  took  particular  interest  in  the  potential  Lincoln  Reservoir 
in  regard  to  storage  for  possible  future  water  supply  needs  at 
Charleston  and  relationship  of  the  project  to  drainage  in  the  upper 
reach  of  the  reservoir  area.  The  three  multi-purpose  projects  of  this 
report  are  favored  by  the  Commission  as  shown  by  expressions  at  the 
public  hearings  held  in  December  1963. 

A-  INDIANA  FLCCD  CONTROL  AND  WATER  RESOURCES  CG.MISSION 

The  Commission  and  its  staff  has  been  a major  cooperating  agency 
with  respect  to  formulation  of  the  plan  for  Patoka  Reservoir  contained 
herein.  In  accordance  with  legislative  authorities  of  1959,  1961,  and 
1963  the  Commission  staff  has  performed  extensive  hydrologic  studies 
for  the  project  and  supplementary  foundation  exploration,  and  the 
data  developed  have  been  used  in  preparation  of  this  report.  The 
Commission's  interest  in,  and  support  of,  the  Patoka  project  is  ex- 
pressed in  the  statement  of  their  chief  engineer  which  is  included 
in  Appendix  F,  Exhibit  F-10.  Statements  by  the  Commission  presented 
at  the  public  hearing  on  11  December  1963  covering  Clifty  Creek  in- 
dicated its  strong  support  for  the  construction  of  this  project. 
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55.  DIVISION  OF  WATERWAYS , STATE  CF  ILLINOIS 


In  1963  this  agency  published  an  Interim  Report  on  the  Embarrass 
River  which  included  maps,  channel  cross-sections,  and  other  basic 
data  which  have  been  very  useful  in  studies  of  Lincoln  Reservoir  con- 
tained in  this  report.  The  agency  endorses  the  Lincoln  project  and 
submitted  testimony  to  that  effect  at  the  public  hearing  for  the  project. 


56.  OTHER  STATE  AGENCIES 

Coordination  with  other  State  agencies  has  generally  been  effected 
through  their  Federal  counterparts,  previously  indicated  as  cooperating 
in  efforts  connected  with  this  Interim  Report.  State  of  Indiana 
agencies  included  in  this  coordination  were:  Division  of  Conservation, 

State  Board  of  Health  and  the  State  Highway  Commission.  State  of 
Illinois  agencies  were:  Deportment  of  Public  Works  and  Buildings, 

Department  of  Conservation,  Department  of  Mines  and  Minerals  and  the 
Department  of  Public  Health.  Statements  of  approval  by  several  of 
these  agencies  were  received  at  the  public  hearings  held  in  December 
1963. 
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SECTION  XI  - DISCUSSION  AND  CONCLUSIONS 


57.  DISCUSSION. 

Ti.  3 interim  report  deals  uith  the  development  of  effective  plans 
for  flood  control,  water  conservation  and  allied  purposes  by  means  of 
reservoirs  on  Embarrass  River,  Illinois,  Clifty  Creek,  Indiana  and 
Patoka  River,  Indiana,  all  situated  in  the  Wabash  River  Basin.  Exten- 
sive and  recurrent  flood  damage  has  been,  is  now  and  will  probably 
continue  to  be  a major  problem  throughout  the  Wabash  Basin.  The  three 
reservoirs  considered  in  this  report  would  afford  a partial  solution 
to  the  flood  problems  downstream,  including  the  lower  White,  Wabash 
and  Ohio  Rivers.  Lincoln  Reservoir  would  control  the  runoff  from  915 
square  miles  or  about  3^  percent  of  the  Embarrass  River  watershed. 

Clifty  Creek  Reservoir  with  a drainage  area  above  the  dan  of  l4o  square 
miles  would  control  the  runoff  from  70  percent  of  the  Clifty  Creek 
basin.  The  runoff  of  about  20  percent  of  the  Patoka  River  watershed  of 
860  square  miles  would  be  controlled  by  the  Fatoka  Reservoir.  In  total, 
the  three  reservoirs  would  control  the  runoff  from  1,223  square  miles 
of  drainage  area.  This  area  when  added  to  the  combined  drainage  areas 
above  Huntington,  Salamonie,  Mississineva,  Mansfield,  Cagles  Mill  ard 
Monroe  Reservoirs,  which  arc  completed  or  under  construction,  ar.d  the 
two  recommended  but  not  authorized  projects,  Lafayette  and  Big  Fine 
Reservoirs,  would  result  in  control  of  5,353  square  miles  of  the  33>1CC 
square  mile  drainage  area  of  the  Wabash  River  basin.  Allowing  for  con- 
trol and  accomplishments  of  the  two  previously  recommended  reservoirs 
the  three  reservoirs  considered  herein  would  increase  drainage  area 
control  in  the  Wabash  River  basin  from  12.5  to  16.2  percent  and  reduce 
the  average  annual  flood  damages  in  the  areas  of  the  Wabash  Easin  down- 
stream from  the  three  reservoirs  from  $7,443,CCO  to  $5,500,000  baseu 
on  December  1963  price  levels.  The  Department  of  Agriculture  findings 
indicate  that  the  three  reservoirs  would  not  conflict  with  potential, 
proposed  or  completed  projects  under  their  Small  Watershed  program. 

While  the  average  precipitation  and  runoff  in  the  Wabash  Rivei’ 
basin  is  ample  to  support  a thriving  agriculture  and  provide  for  the 
water  needs,  both  consumptive  and  otherwi se  of  a much  larger  popula- 
tion than  is  presently  resident  therein,  seasonal  distribution  is  not 
uniform  and  periods  of  lev;  stream  flow  are  not  uncommon.  There  are 
present  needs  in  some  locations  for  water  storage  during  periods  of 
excess  stream  flow  for  later  release  to  augment  stream  flow  during 
periods  of  naturally  low  runoff  in  the  interests  of  water  supply  and 
water  quality  control.  And  in  the  future,  with  increased  population 
and  water  use,  such  needs  may  be  expected  to  increase.  Provisions  for 
storage  for  water  supply  and  water  quality  control  have  been  included 
in  the  plans  for  tuo  of  the  projects,  Patoka  and  Lincoln  Reservoirs, 
to  meet  estimated  flow  requirements  for  these  needs.  The  State  of 
Indiana,  through  the  Indiana  Flood  Control  ar.d  Water  Resources  Conmicsior. 
has  expressed  interest  In  control  and  administration  of  the  propose: 
167,500  acre-fect  of  conservation  storage  in  Patoka  Reservoir  for 
v.’ater  supply  and  incidental  water  qualitj  control.  However,  since 
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reimbursement  assurances  furnished  by  the  Commission  defer  the  mat- 
ter of  payment  for  water  quality  control  storage  to  later  decision, 
costs  allocated  thereto  are  designated  a Federal  responsibility,  and 
State  reimbursement  is  presently  limited  to  costs  allocated  to  water 
supply  only.  Present  needs  for  water  supply  and  water  quality  control 
are  not  evident  at  Clifty  Creek  Reservoir,  but  future  needs  are  fore- 
seeable. However,  due  to  the  limited  storage  capability  and  the  high 
value  of  flood  control  storage,  the  present  plan  does  not  include 
storage  for  these  purposes.  Consideration  of  additional  potential 
sites  in  this  vicinity  and  upstream  may  permit  future  reallocation  of 
Clifty  Creek  storage  to  water  quality  control,  water  supply  and  other 
possible  purposes.  The  City  of  Charleston,  Illinois,  has  interest  in 
water  supply  storage  in  Lincoln  Reservoir  for  future  use  and  has  indi- 
cated that  they  would  use  water  from  the  reservoir  and  reimburse  costs 
associated  therewith. 

Demand  for  water-associated  recreation  opportunities  has  increased 
greatly  in  recent  years.  Such  demands  presently  exist  in  the  area  of 
influence  of  each  of  the  three  reservoir  sites  considered  herein  and 
greatly  increased  future  demands  are  foreseen.  Fatoka  and  Lincoln 
Reservoirs,  with  conservation  pool  areas  of  8,880  and  6,760  acres 
respectively,  have  outstanding  potential  for  satisfaction  of  recrea- 
tion needs;  Clifty  Creek,  with  seasonal  pool  area  of  919  acres,  will 
also  be  useful  in  satisfying  recreation  needs.  Recreation  has,  there- 
fore, been  included  as  a function  in  the  multipurpose  reservoir  plans 
of  this  report.  Initial  construction  would  provide  for  the  demand 
within  a period  of  four  years  following  the  project  construction. 

Future  facilities  would  be  developed  over  the  life  of  the  project  as 
the  demand  increases  and  have  been  included  in  the  economic  analyses. 

The  projects  considered  in  this  report  would  result  in  the  loss 
of  some  low  quality  stream  fisheries.  However,  large  reservoir  pools 
would  be  created  which  would  furnish  great  potential  sport  fisheries 
and  provide  for  the  needs  of  this  type  recreation.  Losses  to  upland 
game  habitat  would  result  from  construction  of  the  projects.  These 
losses  could  be  somewhat  offset  by  intensive  wildlife  management  at 
the  reservoir  sites  and  additional  public  land  made  available  by  the 
projects. 

The  projects  considered  in  this  report  are  so  scattered  within 
the  Wabash  Basin  that  each  project  has  been  treated  as  operating 
alone.  From  the  standpoint  of  costs  and  benefits,  the  projects  con- 
sidered in  this  report  are  well  justified.  As  shown  in  the  summary 
following,  annual  benefits  exceed  annual  costs  in  ratios  ranging  from 
1.6:1  to  2.2  :1. 
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sm&sx  OF  COS':. 3 fND  BENEFITS 
(IN  THOUSANDS  OF  DOLLARS) 


Annual 


Reservoir 

project 

Total 

con- 

struction 

cost 

operation 

maintenance 

replacement 

cost 

Total 

annual 

economic 

cost 

Total 

annual 

project 

benefits 

Benefits 

to 

cost 

ratio 

Lincoln 

33,000 

268 

1,453 

2,909 

2.0:1 

Clifty  Creek 

15,9C0 

200 

726 

1,167 

1.6:1 

Patoka 

24,0C0 

m 

1,013 

2,232 

2.2:1 

Public  hearings  have  teen  held  to  determine  the  views  of  local 
interests,  ranging  from  individuals  to  governmental  units,  with  respect 
to  the  projects  considered  in  this  report.  Project  information  has  also 
been  furnished  separately  to  various  individuals  and  groups  through 
correspondence  and  conferences.  The  preponderance  of  opinion  received 
as  a result  of  these  local  contacts,  including  that  of  the  States  con- 
cerned, members  of  Congress  who  have  expressed  views,  municipal  and 
county  governments,  and  the  vast  majority  of  private  groups  and  indivi- 
duals, has  favored  the  three  projects  and  cited  urgent  needs  for  them. 
Most  residents  of  the  reservoir  areas  under  consideration,  however,  are 
opposed  to  the  projects  because  of  intangible  losses  associated  -with 
displacement,  and  the  belief  that  payments  received  for  lands  and  damages 
would  not  be  sufficient  to  replace  the  interests  they  now  possess . In 
the  case  of  Lincoln  Reservoir,  also,  some  landholders  adjacent  to  the 
reservoir  area  have  filed  objections  in  the  belief  that  drainage  of  their 
lands  would  be  impaired  by  the  project.  In  the  case  of  Clifty  Creek  some 
supporters  of  the  project  have  pointed  out  the  early  need  for  conserva- 
tion storage  on  this  stream,  which  is  not  presently  proposed,  in  the 
interests  of  water  quality  control  and  water  supply. 

Potential  reservoir  sites  in  the  Y/abash  River  Basin  are  extremely 
limited  in  comparison  to  total  storage  space  required  to  secure  control 
of  runoff  for  flood  control  and  other  purposes.  For  this  reason  develop- 
ment of  such  sites  as  are  found  to  be  individually  justified,  will 
generally  be  compatible  with  comprehensive  basin  development,  except  in 
cases  where  direct  competition  for  essentially  the  same  benefits  requires 
concurrent  or  prior  consideration  of  any  alternate  project  potentials. 

The  three  proposed  projects  covered  in  this  report  would  not  preclude 
any  other  water  resources  projects,  would  provide  the  best  early  steps 
toward  solution  of  the  urgent  needs  of  the  V/abash  River  Basin  and  would 
fit  into  any  comprehensive  basin  plan  subsequently  developed.  The  three 
projects  are  discussed  individually  below: 

a.  Lincoln  Reservoir  is  located  at  the  best  available  site  in 
the  Embarrass  River  Basin  from  the  standpoint  of  cost  and  accomplish- 
ments and  would  afford  maximum  practicable  storage  at  this  site. 
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Sites  upstream  would  have  less  flood  control  effectiveness  because 
of  reduced  drainage  area  control  and  reduced  storage  capability. 

Sites  downstream  would  have  less  storage  capability,  due  to  topog- 
raphy, and  would  be  more  costly  to  develop,  due  to  inferior  topo- 
graphic and  foundation  conditions.  Major  flood  control  benefits 
creditable  to  Lincoln  Reservoir  v/ould  occur  in  Embarrass  River  val- 
ley starting  just  below  the  dam  site.  Flood  stage  reductions  on 
Wabash  and  Ohio  Rivers  would  be  smaller,  although  significant  in 
value  on  the  Wabash  River.  Lincoln  Reservoir  v/ould  not  usurp  the 
potential  for  further  reductions  on  these  main  streams  that  are 
needed  and  might  be  provided  in  part  by  reservoirs  still  to  be  con- 
sidered on  other  tributaries.  The  only  potential  alternative  to 
reservoir  impoundment  for  equivalent,  or  even  lesser  flood  protec- 
tion, of  the  dov/nstream  areas  along  the  Embarrass  would  be  levees, 
v/hieh  might  aggregate  2C0  miles  in  length.  Such  construction 
would  be  more  costly  than  the  reservoir  and  of  questionable 
economic  feasibility.  It  v/ould  also  make  reservoir  development 
necessary  to  meet  present  and  projected  future  needs  for  water 
supply,  water  quality  control  and  other  purposes,  less  attractive. 

b.  With  regard  to  Clifty  Creek  Reservoir,  storage  sites  feasi- 
ble of  development  are  especially  limited  in  tributaries  of  the 
East  Fork  White  River.  Feasibility  of  sites  in  tributaries  to  the 
south  of  Clifty  Creek  is  very  questionable,  due  to  cavernous  lime- 
stone strata  in  valley  floors  and  walls ; tributaries  to  the  north 
and  west  of  Clifty  Creek  offer  poor  site  potentials  due  to  lack  of 
adequate  storage  capability  afforded  by  the  very  shallow  entrenchment 
of  these  streams.  Flood  control  is  sorely  needed  in  the  middle 
reaches  of  East  Fork  White  River.  Previous  studies  have  indicated 
the  feasibility  of  levee  protection  at  only  two  sites  dov/nstream 
within  range  of  significant  effects  of  Clifty  Creek  Reservoir;  viz, 
the  authorized  projects  for  Levee  Units  2 and  3 (presently  in  "de- 
ferred" status)  on  the  East  Fork  White  River.  Clifty  Creek  Reser- 
voir v/ill  provide  limited  flood  control  benefits  for  these  and 
otter  downstream  areas  but  will  not  eliminate  the  need  nor  mate- 
rially affect  justification  for  possible  subsequent  additional  flood 
protection  by  the  authorized  levee  projects  or  other  means  in  these 
reaches.  Also,  water  supply  is  already  greatly  needed  in  some  areas 
of  this  sub-basin  and  future  need  for  water  quality  control  is  indi- 
cated. Clifty  Creek  Reservoir  will  fulfill  only  a portion  of  the 
above  needs  and  further  consideration  will  be  given  during  the 
Comprehensive  Easin  Study  to  possible  limited  development  of  come 
of  the  potential  reservoir  sites  on  other  tributaries.  However, 
due  to  above-noted  needs  and  limited  development  potentials,  it  is 
apparent  that  development  of  the  one  good  tributary  site  found  feasi- 
ble and  justified  on  Clifty  Creek  should  be  an  element  of  any  com- 
prehensive basin  plan.  In  selecting  the  specific  project  location 
on  Clifty  Creek,  it  was  determined  that  no  suitable  dov/nstream  sites 


v/ere  available,  and  feasible  alternate  sites  upstream  would  be  less 
effective  and  less  favorable  economically.  Development  of  the  maximum 
storage  potential  of  the  Clifty  Creek  site  is  provided  by  the  proposed 
plan. 


c.  Patoka  Reservoir  would  be  located  at  the  closest  available 
site  upstream  from  the  City  of  Jasper,  Indiana,  and  vail  provide 
essentially  complete  relief  to  that  community  from  the  extensive  flood 
damage  to  which  it  is  now  subject.  Flood  control  benefits  will  also 
extend  to  the  town  of  Winslow  further  downstream  and  to  agricultural 
lands  of  the  valley  of  the  Patoka  River  for  its  entire  length. 
Topographically,  the  Patoka  site  is  uniquely  favorable  to  development 
of  storage  for  essentially  complete  control  of  runoff  from  its  drainage 
area,  making  it  possible  to  provide  large  storage  capacity  for  water 
supply  and  water  quality  control,  which  the  State  of  Indiana  considers 
very  important  to  the  future  of  this  region,  as  well  as  ample  storage 
for  effective  flood  control.  Also,  with  its  three  major  branches, 
many  small  embayments  and  generally  wooded  hillsides  around  the  shore 
line,  together  with  the  large  area  of  the  conservation  pool,  the  res- 
ervoir will  provide  an  especially  valuable  and  attractive  resource 
for  recreational  development  and  use. 

Patoka  Reservoir  will  not  meet  all  flood  control  and  other  water 
resource  needs  in  the  Patoka  sub-basin  as  it  will  control  only  20  per- 
cent of  the  Patoka  River  drainage  area.  Further  study  therefore  will 
be  required  of  potential  additional  improvements  in  downstream  portions 
of  the  basin,  including  possible  reservoirs  on  other  tributaries  of  the 
Patoka.  however,  none  of  these  are  considered  potential  alternatives 
to  Patoka  Reservoir  since  they  would  provide  benefits  mainly  to  areas 
other  than  those  served  by  Patoka  Reservoir  or  as  needed  to  supple- 
ment the  limited  flood  stage  reductions  afforded  by  Patoka  for  areas 
at  considerable  distances  downstream.  Previous  studies  of  possible 
flood  protection  measures  by  levees  and  channel  improvements  in  down- 
stream areas  on  the  Patoka  have  not  indicated  economic  feasibility  of 
such  projects,  except  for  levees  near  the  mouth  required  primarily  for 
protection  against  Wabash  River  flooding. 

58.  CONCLUSIONS. 

From  the  studies  presented  in  this  report,  it  is  concluded  that 
storage  of  flood  waters  for  the  purpose  of  reducing  flood  damages  along 
Embarrass  River,  Clifty  Creek  and  Patoka  River,  and  areas  downstream 
therefrom,  is  urgently  needed.  Further,  that  storage  of  water  for  the 
creation  of  lakes  affording  recreation  opportunity  on  these  three 
streams  and  provision  of  storage  for  augmentation  of  low  flew  i.n  the 
interests  of  water  supply  and  water  quality  control  on  Embarrass  end 
Patoka  Rivers,  are  also  needed. 


The  reservoirs  considered  herein  would  be  responsive  to  the 
needs  outlined  above,  benefits  which  would  accrue  to  them  would  ex- 
ceed the  cost  of  their  development,  and  the  allocated  cost  of  each 
project  purpose  would  be  economically  justified.  Public  opinion 
preponderantly  favors  the  projects  considered,  benefits  would  be 
sufficiently  widespread  to  justify  major  Federal  participation  in 
project  construction,  and  the  projects  considered  are  compatible 
with  and  essential  elements  of  a comprehensive  plan  of  develop- 
ment for  the  Wabash  River  basin. 

59 . RECOMMENDATIONS . 

The  District  Engineer  recommends  that  the  following  projects 
be  authorized  for  construction  as  elements  of  the  Comprehensive  Plan 
for  development  of  the  water  and  related  land  resources  of  the  Wabash 
River  Basin,  in  general  conformance  with  plans  contained  in  this  re- 
port and  with  such  modifications  as  in  the  discretion  of  the  Chief 
of  Engineers  may  be  advisable. 

a.  Lincoln  Reservoir,  Embarrass  River,  Illinois,  at  an  esti- 
mated construction  cost  of  $33,000,0C0  and  with  an  estimated  annual 
maintenance  and  operation  cost  of  3268,000,  provided  that,  prior  to 
construction,  responsible  local  interests  furnish  satisfactory 
assurances  that  no  channel  encroachments  tending  to  reduce  present 
channel  capacities  of  Embarrass  River,  between  the  dam  site  and  the 
mouth  of  the  river,  will  be  permitted,  and  provided  further  that, 
prior  to  construction,  responsible  local  interests  agree  to  pay  the 
allocated  initial  and  annual  costs  for  water  supply  storage  (except 
for  replacement  of  existing  water  supply  storage),  in  accordance  with 
the  Water  Supply  Act  of  1958  as  amended.  Allocated  construction 
costs  for  water  supply  are  presently  estimated  at  0.75  percent  rf  the 
project  construe ticn  cost  cr  v249,r00,  which  amount  includes  allow- 
ance for  allocated  annual  operation,  maintenance  and  major  replace- 
ment costs. 

b.  Clifty  Creek  Reservoir,  Clifty  Creek,  Indiana,  at  an  esti- 
mated construction  cost  of  $15,900,000  with  an  estimated  annual 
maintenance  and  operation  cost  of  $200,000,  provided  that,  prior  to 
construction,  responsible  local  interests  furnish  satisfactory 
assurances  that  no  channel  encroachments  tending  to  reduce  present 
channel  capacities  of  Clifty  Creek  and  the  East  Fork  of  White  River, 
between  the  dam  site  and  the  junction  of  East  Fork  of  White  River 
with  the  Muscatatuck  River,  will  be  permitted. 

c.  Patoka  Reservoir,  Patoka  River,  Indiana,  at  an  estimated 
construction  cost  of  $24,000,000  and  with  an  estimated  annual 
maintenance  and  operation  cost  of  $311,000,  provided  that,  prior  to 
construction,  responsible  local  interests  furnish  satisfactory 
assurances  that  no  channel  encroachments  tending  to  reduce  present 
channel  capacities  of  Patoka  River  between  the  dam  site  and  the 
mouth  of  the  river,  will  be  permitted,  and  provided  further  that, 
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prior  to  construction,  responsible  local  interests  agree  to  pay  the 
allocated  initial  and  annual  costs  for  water  supply  storage,  in 
accordance  with  the  Water  Supply  Act  of  1958  as  amended;  and  provided 
further  that  responsible  local  interests  be  authorized,  dependent 
upon  their  future  affirmative  decision,  to  acquire  and  operate  the 
storage  provided  for  water  quality  control  upon  agreement  to  pay  the 
allocated  initial  and  annual  costs  therefor,  and  upon  agreement  to 
operate  that  storage  to  meet  objectives  as  set  forth  by  the  U.  S. 
Public  Health  Service.  Allocated  construction  costs  for  water  surply 
are  presently  estimated  at  15.24  percent  of  the  project  construction 
cost,  or  $3,658,CCG;  and  allocated  annual  operation,  maintenance,  and 
replacement  costs  are  presently  estimated  at  '}  percent  of  the  project 
operation,  maintenance,  and  replacement  costs,  or  $10, COO. 


W.  ROPER 

Colonel,  Corps  of  Engineers 
District  Engineer 


ORDED-P  (2  Jan  64)  1st  Ind 

SUBJECT:  Interim  Report  No, 2 - Wabash  River  Basin  Comprehensive  Study; 

Indiana,  Illinois  and  Ohio;  covering  reservoir  sites  on 
Embarrass  River,  Illinois,  and  Clifty  Creek  and  Patoka  River, 
Indiana 

U.S,  Army  Engineer  Division,  Ohio  River,  Cincinnati,  Ohio  1 April  1964 

TO:  The  Board  of  Engineers  for  Rivers  and  Harbors,  Washington  25,  D,C. 

ATTN:  ENGBR 

I concur  in  the  conclusions  and  recommendations  of  the  District 
Engineer. 


W.  P.  LEBER 
Brigadier  General,  USA 
Division  Engineer 
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